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PREFACE. © 


"THE walks of SCIENCE having been, for more 
than thirty years, the author’s. chief delight, particu- 
larly those sublime ones which relate to practical as 
well as theoretical ARCHITECTURE, he has naturally | 
_ been led, in the. course of his _contemplations, ‘to | 
trace the i important footsteps of the ancients, in their 
invention and adoption of those fundamental: rules, 
which have, in later times, governed. the improve- 
ments of every age ‘and civilized ‘country. 

For smany ages prior to. these attempts, we e find 
that no standard existed whereby to.resolve or pro- 
port tionate the formation of any article of conve- 
mience, that man by: his necessity might be led to 


contrive ; and if, when executed, it answered the 


ond 
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intended purpose, | it was the effect of mere acci- 
dent : experience, for the present, being their only 
preceptor. 

For, as an eminent mathematician,* in his wri- 
tings on this subject, observes, ‘ The art of me- 
chanics being the first that men had occasion to make 
use of, it is reasonable to suppose that ‘it took its. 
beginning with man ; and was studied i in the earli- 
est ages of the world. ‘For no sooner did mankind 
begin to people the earth than they wanted houses 
to dwell 3 in, cloaths to wear, and utensils to till the 
ground, to get them bread, with other necessaries 
of life ; and being thus ‘destitute of proper habita- 
_ tions and other conveniences. of. living, their wants : 
must immediately put them on the study. of mechan- 
ICS. At their first setting out; they would be con- 
tent with very little theory ; endeavouring to get 
that more by experience than’ reasoning, and being 
unacquainted with numbers, or any sort of calcula- 
tion ; and having neither rule nor compass to work 
by, nor instruments to work with; but suchas they 
must first of all savents nor any methods of work. 


* Wiliam Emerson, of Hurworth in England, whe 
lived upwards of a century ago. 
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ing ; with all these disadvantages, we may judge 
What sort of work they. were likely to make; all their 
contrivances must be’ mere guessing, and they could 
but ill execute ‘what they had so badly, contrived ; 
and must be continually. ‘mending: their work by 
repeated trials, till they- got it to such.a form as. to 
make a shift to serve for the use ‘designed.: ‘And 
this 1 is the first and lowest state of mechanics, which 
was “enough to give a beginning to it ; and in this 
state it-doubtless remained for a long time, without 
much’ improvement. But at Jength, as men found 
more leisure and opportunity, and. gained more ex- 
perience, manual arts began to take their rise, and 
by degrees to make some progress. in the world. 
But we meet with ‘no considerable inventions, in 
the mechanical way, for a long series ‘of ages 5 3 or, if 
there had been any, the accounts of them are now | 
lost, through length ‘of time ; for we have’ nothing 
upon. record respecting them for two or three thou- 
sand years. After that period, however, we find an 
account of several machines that were in use. For 
we read in Genesis 49.c.'13 v. that ships: were as 
old,-even on the Medit terranean, as the days of Jacob, 


one thousand, six hundred and eighty-nine years 
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before the birth of Curist. We likewise read 
1 Sam. 13 c. 5 v. that the Philistines brought thir- 
ty thousand chariots into the field against Saul ; 

that chariots were in use one thousand and ninety Sve 
years before Curist. About the same time Archi- 
tecture was brought into. ‘Europe ; ; and, one thou- 
sand and thirty years before Curist, Ammon 

built long and tall ships with sails on the Red Sea 
and the Mediterranean, . About ninety years af- 
ter, the ship Argo was built ; which was the first 
Greek -vessel that yentured to pass through the sea, 
by help of sails, without sight of land, being guided 
only by the stars. Dzdalus also, who lived nine 
hundred and eighty years before Curist, made sails 
for ships, and myented several sorts of tools for car- 
penters and joiners to work with. He also made 
several moving statues, which could walk. or run.of — 
themselves, And about eight hundred years before 

Curist, we find in’ second of ‘Chronicles 26.c. 9 

10 and 15 verses, that Uzziah made, in Jerusalem, 
engines Invented by cunning men, to be on the tow- 

ers and upon the. bulwarks, to shoot arrows and great 
stones withal, Corn mills-were early invented, for we 


read in Deuteronomy 24 c. 6 v, that it was not lawful 
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for any man to take the upper or the nether mill. 
stone to pledge ; ; yet water was not applied to mills 
before the ‘year of C HRIST, Six hundered, nor wind- 
mills used before the year twelve hundred. _ Like- 
wise, five hundred and eighty years ‘before Curis, 
we read in Jeremiah, 18 c. 13 v. of the potter’s 
wheel. Architas was the first that applied mathe- 
_ matics to mechanics, ‘but left no mechanical wri- 
tings behind him: it is said he made a wooden 
pigeon that could fly about.» Aristotle, who lived 
about two hundred and ninety years before Curisr, 
was one’ of the first who writ any: methodical dis- 
course on mechanics. - But at this time the arts 
were contained ina very small compass, there being 
scarce any thing more known about it than the ‘SIX 
mechanical powers; the Balance, Lever, . Wheel, 
Pully, Screw, and Wedge. ‘In this state it continu- 
éd till the sixteenth century, and then clocks were- 
first made. Archimedes, who by some writers ‘is 
said ‘to have lived about two hundred years Before 
Curist, was a most subtle geometer and mechan- 
ic ; he made engines that drew up the ships of Mar. 
cellus, at -the siege of. Syracuse ; and others that 


would cast a stone of a prodigious weight to a great 
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distance, as also darts and arrows ; he was likewise 
well acquainted with the power of the Lever, as was 
manifest by the declaration he made: ona certain oc- 
casion, in the following words: ’“ Had Ta Lever 
Jong enough, and a Fulcrum strong enough, I could 
wield the globe.” — In his days the liberal arts 
flourished, and learning met with proper encourage- 
ment; but afterwards they became neplected for 
a long time.’ 3 
We come now to the propitious era, “hea lived 
that Roman oracle, Vitruvius, who flourished in the 
reign of Augustus Cesar, and who was* styled: i mn 
those days, the Father. of Architects. At this time 
the arts were more extensively encouraged, and 
their excellence more fully made known, than at any 
former period. \ To this celebrated artist in particu- 
Jar, and his successors, Pann apro, Scamo zzi, AL- 
BERTI, Vicnota, Dz L’Orme, Caraneo, Pur- 
LANDER, Burianr, Serio, Pzrrautt, Vio- 
LA, BronpEL, Brnwrr, and many other their 
associates, we who live in the present day are incon- 
trovertibly indebted for their origin and ground: 
work ; for by their superior skill, not only the grand 


and suitable orders of Architecture were found out 
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and. established, but stately, edifices were erected ; 

such as Pantheons, Theatres, Temples, Domes, Ar- 
cades, Porticoes, and Bridges, covered with spa- 
cious galleries, which were supported by superb co- 
lumns of brass, of the Tonic order, and. various other 
erections of the. most’ magnificent and: costly kind, 

which prove that expense was not a consideration { in 
those days. _ It also. appeared at this time, that there 
existed a considerable emulation. among the. profes- 
sors of the Arts, by which great improvements were 
made... But from that period, down to this time, it is 
to be lamented that a growing depraved taste in the 
execution of civil Architecture has been too manifest; 
and at no period was it ever more conspicuous than. 
the present. For though | it may not be strictly just to 

ascribe © perfection wholly to the ancients above al. 
luded to, yet it must be acknowledged, in common 
justice to truth, that the fundamental Jaws of Archi- 
tecture, I mean. sTRENGTH, SYM METRY, and. true 
| ELEGANCE, which they chastely handed. down to 
us, have been, in many instances, bartered for -weak- 
ness, ‘disproportion and frivolousness, by unskilful 
pretenders to science, who. have intruded themselves 
on the public, Hence we witness, in cit les making 


no small pretensions to pre-eminence, huge. costly 
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piles intended for public. use,* some of which are 
divided and subdivided in the internal parts, like un- 

to a printer’ Ss type case, with scarce one room suita- 

bly arranged or proportioned. either to ‘the size of 
the building, or the requisites thereof ; as though it 
Ww ere: indispensibly necessary that all public. edifices, 

for whatever purposes designed, should be. erected 
on the plan of an asylum for lunatics, the private 
cells of which most generally are from eight to 
twelve feet square. . But when we come to ex- 
amine the external parts of these expensive fab- 
rics, we find that the eye of sensibility and re- 
fined taste<is still more deeply wounded s+ for first 
we behold the external walls erected with materials 
of various colours, somewhat resembling a Harle- 

quin’s jacket; some elevations being brown and. 
white, some br own, red, and white, and some blue, 


brown, and white... This variegated deformity at 


a: To these, fie ‘intel! ligent iaclies, as a "matter of 
course, directs his attention at his first entering a great 
city, whereby he expects to learn the character of the na- 
tion in which hei 1s about to ee for a time.. . 


+ For: this obvious reason ; the defects in - the jnternal : 
part of a structure of this kind, as well as all others, are. 
alone to the loss of those who are to occupy the same ; but. 


the external defects of all public buildings, in great cities, 
is a national loss. i ee 
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once leads the beholder to conclude that: one of two 
things must be the cause of this barbarous appear- 
anice ; either that the. parties concerned in - these 
buildings could not obtain enough of one. sort of ma- 


terials to build the whole, or that formerly the ar- 
-chitect ‘had been a sign-painter, who being obliged 


to use various colours. for many years, could not 
submit to the hardship of ‘confining himself. to’ one 
alone. As ‘soon as the eye can ‘be. relieved from 


these offensive colours, to examine the construction 


of the external part, it. As again. assaulted with the 
confused medley of an appropriate ornament with 
which the shaft of the building i is loaded; ‘SO that, 
instead of those proportional parts of an elevation © 
which correct taste would. imperiously require on all 
occasions to be appropriated. wholly to plane sur- 
faces, for the purpose. of furnishing a grand relief or 
ground ‘for all suitable embellishments: to rest upon, 
we have the painful mortification: to w itness: the 
whole of an extended front, though built with 
marble, crowded with glaring absurdities from. one 


end tothe other. First we see so many bits ofr rus- 
oe 
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tic,* like patches of letter-paper stuck upon the 
wall,’ with a space or gutter between cach part. 
Then stand: a number of diminutive useless co- 
lumns,t which at ashort distance appear like tobac- 
co-pipe stems, clinging against the structure for 
protection, lest the tempest should beat them down. 
Next follow the kindred tribe of pilasters, which, 
by their reduced diameters, resemble so many shin- 
gle-laths cleaving to the front, fearing the like de- 
struction: Between these, the scanty apertures for 
the admission of light now make their appearance, 
and by their madequate area lead us to conclude, 
* Alexander Pope, in his Moral. Essays, describes 

such false taste, as is here manifested, i in the following ines: 

Load some vain church with old theatric state, 

Turn arcs of triumph to a garden gate ; 

Reverse your ornaments, and hang them all, 

On some patch’d dog-hole | ek’d with ends of wall ; 

Then clap four slices of pilaster on’t, 7 

That, fac’d with bits of rustic, makes a front. 

+ An eminent Italian Architect, on discovering some 

such like mock suppor ts as these we now refer to, expres- 
sed his surprise in the following ludicrous lines, which he 


wrote with his pencil on one of the slender anette of these — 
ill-placed columns, ; 


‘Dear little columns, what i is’t ye do there ? ? 
We know not, sir, unless to make you stare. 
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that such windows originally must have been in- 
tended for some Lilliputian temple or fairy-house. 

Then comes the numerous host of petty 
breaks, advancing and. receding from each other, 
like children playing at bo-peep, or hide- and: seek. 
At length we ascend in vision to the top of these 
fine decorated walls, and behold them capped witha 
cornice, large enough for a child’s baby-house, and 
which, by the help of a magnifying glass, * we dis- 
cover that i it contains anumber of ornamental mem- 
bers of various kinds ; ; such as Cima- rectas, Cima- 
reversas, Fillets, Coronas, Modillions, Dentals, Ca- 
vettos, Facias, Friezes, &e. &c.; but which 
might as well have been one entire plane surface, 
for aught the able can distinguish at even a ve- 
ry small distance. In’ descending from this eleva- 
ted spot last mentioned, for we have not time to 
ascend higher, lest _ the ghastly smoke-tunnels, 


et cetera, should detain us’ too long, the eye of 


* The reader may here discoee the propriety of this 
remark, by considering that distance lessens, in ‘appear- 
ance, the magnitude of all bodies. Ther efore, if Mould- 
ings, Vases, Statues, or any kind of ornament. whatever, be: 
placed at a considerable height from the eye, we must 


expect they will appear trifling and insignificant if not 
proportioned accordingly. ; 
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sensibility has to undergo -all that ‘dislocation 
and torture which an unhappy victim would experi- 
ence, who having, in a moment of despair, precipita- 
ted himself from off some tremendous height down } 
headlong on the forked points of projecting craggy. 
rocks, that the merciless. hand_ of » quarriers - had. 
left behind. them : for, take which road you will, 
nothing but broken surfaces is to be found, whereby 
to mangle and obstruct the path of vision. And all 
the reasons we can. have assigned to us for the intro- 
duction of such a crowd “of absurdities as is here 
witnessed, is to be summed up in the old depraved 
principles and sorry language of corrupt taste ; 
namely, that one cannot have too much of a good 
thing. And we find that, according to the old pro- 
verb, one error. begets another. Hence we also 
find, that instead of the spacious: Dome and lofty 
Spire being erected for the canopy or finishing of 
those temples intended for the worship of God, the 
great Architect of worlds, Steeples of the most | 
ridiculous and preposterous forms are substituted i in 
lieu thereof; ; some of which, in. form, may be just. 
ly compared to an antique pe epper- -box, being: perfo- 


vated with numerous holes from the top half. way 
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downwards, for what purpose I know not, except | 
‘it be to’ answer the 3 use of a city pigeon-house. 
Others again are finished with a petty Cupola, open 
on every side: to catch the rain and snow, in stormy 
seasons. . . These gross absurdities, and many more, 
that might be mentioned, not only tend to prove that. 
the correct principles of- the ancients are but little 
known in the present day, but: also ill bespeak the 
wisdom, grandeur and correct taste of a oreat nation. 
Neither can such vile designs be furnished by ‘men 
who have ever Jearned ayhat -mechanical Beauty 
meaneth, | - 
| ‘But if we trace the origin of this depraved. taste, 
sO prevalent at the present day, we shall find that 
it may be ‘attributed chiefly to two Causes ; a first, 
instead of that ‘reciprocal union and combination 
of talents, which ought ever to exist among t theo- 
retical and practical professors of science, we ‘see 
little else than a contemptible assumption of pre- 


eminence and self-sufliciency- in certain classes, 
particularly the gentlemen of the gown, who cone 


ceive that a black’ coat, and two or three unmeaning 
letters at the end of their | names, form all that is ne- 


cessary to rank them with an ARCHIMEDES ora 
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Newton, a ViTRuViIUS or a PALLADIO, an 
Inrco Jones or a Sir CurisropHER WREN; 
and, secondly, because those who are only practical 
professors have not sufficient theory to direct them 
in the execution of the work they undertake, and 
are.too much disgusted with the proud pretensions 
of the theorists to ask their advice. 

Could these evils be. done away, and a combina- 
tion formed of imgenjous mechanics and learned | 


mathematicians in every city, with steady aim 


——~— to make the falling arts their care, 


Erect new wonders, and the old repay? 


how advantageous would it be’ to individuals, and 
the nation at large! The discord that envy, pride 
and jealousy . have heretofore. sown between theo- 
rists and practical professors would quickly disap- 
pear, and a laudable emulation, like that which ani. 
mated the ancients, would ultimately drive from 
the face of day those flimsy pretenders to Science, | 
and enemies to the useful Arts, who now strut 


about like so many crows dressed i in a few bor- 


* ALEXANDER Porr: 
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rowed plumes, which only. serve to’ make their de- 
formity more conspicuous. | a 

But if an union of talents were once ce accomplished, 
the mechanic, in. the course of his practical expe- 
riments, would be assisted by the sound calculations 

of the mathematician, ~and his work would be 
sooner perfected. Also, the mathematician would 
undoubtedly find no small degree of profit from the 
practical demonstrations which the i ingenious me- 
chanic alone i is able to produce, 

OLintuUs Grecory, in the preface to. aa 
excellent work on the Theory of Statics, illustrates 
this subject in a manner which ought “not to be 
here omitted. There are few artists but will admire 
his candour, and agree. with his sound temarks. 

He begins thus: “ For some ‘years I have seen, 
or thought I have seen, and often regretted, that a 
forbidding distance and. awkward jealousy seem. to 
subsist between the Theorists and the: practical 
men. engaged i in the cultivation of mechanics i in this 
country : :* and it isa desire to shorten this distance, 


and to eradicate this jealousy, that has been’a princi. 


* ENGLAND. 
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pal stimulant in the execution of the following 
work. 7 - 

“T have by Jong habit, combined perhaps with 
early acquired prejudices, been much delighted with 
the investigations of Theorists : but while I -prize 
the deductions of sound theory as highly as any 
person, and rest as firmly upon them ; yet am I de- 
sirous, not to forget ‘that, as all general principles 
imply the exercise of abstraction, it would be high-. 
ly injudicious not to regard. them in their. practical 
applications as approximations ; the defects of which 
must be supplied, as indeed the principles them- 
selves are deduced from experience. _ 

“¢ Habits of gbcracton and theorizing may be 
carried to. excess; and crude. experience without 
reflection will never be productive of essential 
good. ee Bla see 

= But as an eminent philosopher,* for whose 
talents and virtues I entertain great respect, re- 
marks, “‘ Care should be taken to guard against 
both these. extremes, cand. to unite habits ‘of _ab: 
straction with habits of business, in such a manner 


* Professor Dugald Stewart ; Elements of the Philoso- 
phy of the Human Mind, p. 221, &e. 
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as to enable men to consider things either in general 
or in detail, as the occasion may require. “Which- 
ever. of these habits: ‘may. happen to gain an undue 
ascendant over. ‘the | “mind, it will | necessarily 
produce a character limited ‘in its powers, and fit- 
ted only for: particular exertion. When theoretical 
knowledge and practical skill are happily combined 
in the same person, the ‘intellectual power of man 
appear in its full perfection, and fits him equally 
to conduct with. a masterly hand the details of 
ordinary business, and to -contend successfully 
with the untried difficulties of new and hazardous 
situations. In conducting the former, mere. ex- 
perience. may frequently be a ~ sufficient guide : 
but experience and speculation must be combined 
together, to prepare us for ‘the latter.” Alas Expert 
men,” says Lord Bacon, ‘ ‘can execute and judge 
of particulars, one by ao ; but the general 
counsels,. the plots, and the marshalling of af. 
fairs, come ‘best from those that are learned, 
Admitting the truth SOF ~ these observations, it 
will thence follow, that theoretical and practi- 
_ cal men will most effectually promote their mu- 


tual interests, not by affecting to despise each 
7 ail | | 
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other, but by blending. their efforts: and fur- 
ther, that an essential service will be done to 
mechanical Science, by endeavouring: to make 
all the scattered rays of light aiey have separate: 
ly thrown. upon this -Tegion. of human know: 
ledge, “converge ‘to one point,’ ) 
The above glegant - -and impartial hints, afforded 
us by: the aforesaid friend to. Science, Olinthus 
Gregory, ‘merit ‘the author? S) most sincere and 
ardent wishes, that they may be received by the 
- Mathematicians » and Mechanics’ of -the - United 
States, with all: that attention and regard, 
| conviction of their: truth, must - ever ‘inspire: — 
“We. “come” now to remark, ’ “that - from what 
ie ‘been’ advanced on the sorry’ taste | of 


_ the cunskilful builders -of the present day, the 


reader is “not for a moment to conclude that 


we. are wholly destitute, in this part of the world, 

; of. those specimens, that bespeak: a better know- | 
| ledge and. more refined taste in the: science of archi- 

| tecture ; and though we have to. lament that the j m- 
stances are not ‘SO numerous as we could wish, yet | 
there are some, ‘which by their excellence, are 
entitled to a respectful record, in as greata degree 
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sd the “former merited ‘contempt “and ‘eptoba. 
tion. ; 

“The first, that justly claims our notice, As. s the 
New-York Freez: ScHoor,* which for boldness of 
feature, 2 and. general | -chasteness of. design, -may 
vie with | any of the productions. of modern times. 
“For: this almost unique ‘redemption. from that. 
depraved style, if ee it aay be’ called, which, 


has soe 


6 only loaded earth, fe He 
7 Wich Jabour'd bear) J monuments of shame,” 


we are indebted to. “the: fine. saste® ‘and. etdete 
acquirements of a, gentleman,t who, amidst the’ 
turmoils and vexations of a counting-house, has. 
found leisure. to gather knowledge from: the in. 


exhaustible stores , of the mae and ‘enriched 


* This building is er ected far one of ihe. most lauda- 
ble purposes that can grace any country, or gratify the 
generous mind of man ; namely; the education of a nu-~ 
merous tribe of ‘the. rising generation of both. ‘sexes, 
which we hope in days to come the recipiants will-record 
with grateful memory, the ~ benevolent and affectionate . 
regard manifested to them by the liberal hand of those, _ 
who from tender care, support this expensive institution. 


+ John Rogers Murray, Esq. Vice-President of the 
New-York American Academy of Arts. 
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his ‘country with ‘the fruit of his’ researches ; : 
and it would be well if the example set by 
this gentleman would excite an emulation among 
others of our fellow-citizens, whose property and 
natural resources, might, united, ‘implant on our 
soil. that love and admiration of the fine arts, which 
would soon rescue us from the imputation of 
neglecting whatever can adorn and elevate hu- 
man industry and genius ; ; particularly in 


« That art, where most magnificent appears 


39% 
* 


“ The little builder, man 


That genius is indigenous in this western soil, 
no one with propriety can deny ;. but scarce 
doth it rear its head above the. surface. of the 
eround, when it is nipped by the cold frost 
of neglect. Like. the. modest violet, it often 
blooms unseen in the wild ; and only requires 
the discerning eye and the kind hand of patronage 
- to lift its glories to the day. The petty feuds | of 
party ; the jealousies and. intrigues of the wealthy ; ; 


and the baleful influence of unworthiy, ambition, are 


#& THomson’s Liberty.” 
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the principal enemies of: a plant of so delicate a 
growth : it shrinks from vulgar gaze, and must be 
| courted i in the still sequestered, vales of. life. When 
society amongst us shall have gained that height 
of civilization, which ‘lifts man above. ‘the pur- 
suit of . a little pre- -eminence_ ‘in. ae and ‘Te- 
lieves him from that. insatiable thirst after wealth, 
which overpowers in his: breast every other con- 
sideration, then shall we witness the. proud | scenes 
| which now flourish under. eastern skies, and be 
taught — | 


© How forests in majestic gardens smil’d, 
How menial arts, by. their gay sisters taught, 
Wove the deep flower, the blooming foliage train’ ‘d . 
Inj joyous figures 0 er the silky lawn, | 
The palace chear’d, illum’d. the story’d sere 
And y with the penil vy'd the glowing loom.” 
oe eg Ree 
I should. conceive it an-insult to the artists 
who. have produced some other buildings in this 
: country worthy of attention, were 1 not to notice 


“their. labours. a re 


*« Tromson’s Liberty.” 
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The Bank of Pennsylvania, for example, is 
not itiferior to any thing of the kind, which mo- 
detn Europe has produced 
"The Gothic part of Trinity Church in this 
city, 1s also worthy of remark ; and. there are 
some excellencies in the: new Grecian structure 

called Grace Church. | oN 
- The Spire of the Brick itbethie 4 is, “without 
_ exception, the greatest ornament of New-York, i in 
the distant view; and make some amends for 
‘the too conspicuous and. squat "phenomena. of 
the Theatre, and other public edifices, which, at 
a much smaller expense than that which has 
been lavished on them, an appearance might have — 
been produced, that would have » contributed to 
the elegance and grandeur of this our commer- 
cial metropolis. | . | 
To those who possess not the true “spirit of 
artists, ‘we shall alone apologise for this digres. 
sion from our main object of. Bripces ; ; and, 
in travelling over this important subject, would | 
wish » the reader to remember, that the. author 
has. in view, the ‘simple illustration bf cients. 
produced by the square and plummet, rather 


than the elegance of oratory or fine diction. 
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That he will have to contend, as_ heretofore, 
with the opposition of: envy, the illiberality. of 
prejudice, the insolence. of scepticism, and. the 
criticism of ‘ignorant insignificance, he cannot 
doubt ; for as the celebrated Fur TON ‘observes, 
a his excellent treatise on the improvement of. 
‘canal navigation, #« Men | of the. deast genius 
are ever. the first to depreciate, and the last to 

commend, and. for an obvious. reason, they, have 
ae sense to know the ‘produce of Bos, when 


‘they see it: but 


an Men af true » genius glow with liberal spirit, 
And bind a garland round the bust of merit, — 
While blockheads, void of wisdom’ Ss “grateful light, 


Bury distinction 1 in eternal night. ie 


ae the author is not insensible of . the “many 
defects, which, from various causes, will no doubt | 


Accompany. this work, and which ‘those who are. 


Eas: work was _ published. in. _ Egland by that 
gentleman, in the year 1796, a work worthy the pe- 
tusal of all those who indeed: regard the — prosperity of 
these’ United States ; and ‘from the prolific cabinet, of 
knowledge that work has. sprung, the public may with- 
out disappointment. expect, many valuable additions on 
that subject, i is fully matured, and now in store. 


+f MasteeAG” . 
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accustomed to studies of this nature will ‘not 
only expect, but also will generously allow for 
many faults. For 


“ Whoever thinks a faultless piece to see, 
Thinks what ne’er was, nor is, nor e’er shall be. 
In ev’ry work regard the writer’ send, ~ me 
. Since none tah compass more than they intend ; . 
And if the means be just, the conduct true, 


Applause, in spite of trivial faults is due.* : 


* ALEXANDER Popr. 
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ALTHOUGH the History of Bridges might 
have been - dispensed with, as not absolutely essen- 
tial to ‘the development of the author’ s great 
u ndertaking, It. may be pleasing to ‘those who 
delight in man’ S ingenuity to. learn by what. slow 
degrees the conveniences of life found ‘their way | 
into common use. De Oe 7 | 
That Bridges were requisite | in the ‘earliest 
periods of time, we: cannot doubt, from. the 
knowledge. we possess of the common ‘operations 
of nature. ‘Seas, Lakes, Rivers, ‘Brooks, cand. 
Swamps, must have existed formerly as ‘well as 
now ; and, man, in his common pursuits, must have . 
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invented means of surmounting these obstacles 
to his correspondence with his fellow man, and 
keeping up the chain of connexion so necessary to 
his existence,.as well as to his gratification. 

The rude trunk ot branch of a tree, we may 
easily conceive, was the first means made use 
of to pass the ‘smaller streams ; but. ‘the broad 
Are, the extended Chain, and massy Pile, were 
reserved for those ages, the labours of which have 
little more than served to prove that approaches t to 
perfection were still very uncertain. a 

Long before the invention of any kind of geo- 
metrical Bridge, mankind had adopted modes of 
erossing extensive rivers ; and, although some 
authors pretend to ascertain at what particular 
periods boats and ships were first invented, it is 
more than pr obable that they were coeval with the 
first nations of the world. | 

We read that the Egyptians crossed the Nile on. 
floats of various kinds, drawn by swimming horses, 
trained. for the purpose ; ; and we do not find that 
even, the, Greeks, who exceeded all other nations 


in ingenuity and keenness Oly perception, had em- 
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ployed, before the time of the Roman oe 
any, regular plan. for Bridges. 

The ‘Bridge. of. ‘Boats, constructed by tevies 
over the Hellespont, was probably the Airst thing 
of the kind witnessed ‘byt the European nations. 
Tf. Bridges | had_ been previously used in ‘Asia, 
or other parts of the globe, we. have no account 
of them, unless the. description. of the one erected 


over the river Euphrates, in the. ancient City of 
Babylon, may be rélied on, | 

Ancient history i 1S unfortunately sO mich cohtasel, 
and the clues to information, on important points, 
so almost completely cut off by the destruction of 
the great Library at Alexandria, and other. similar 
disasters, that the most ‘minute - research would 
not enable us fully to. ascertain what. ‘were. the 
acquirements of those ages which the uner ring 
hand of time has Jong since swept from, the face 
of the earth ; ; nor-is the investigation necessary | 
to our present undertaking. | We can only draw 
comparisons of | utility and elegance from data 
within our reach ; ; and we shall proceed to enume- 
rate and treat on the different constructions de- 
nominated Bripces, of which we have any accus 


rate account, from a remote period, down to the 
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present time: and first we shall mention. the 


ancient 


BRIDGE AT BABYLON, 


Dyes THE RIVER BUPHRATES, “CONSTRUCTED OF BRICK, 


supposed to be built by oGanow: Aue third from 
Noau, who lived about one hundred years after 
the flood. 

Babylon, the capital of Chaldea, we read, was 
one of the most splendid cities ever built. Its. 
form was an exact square, sixty miles in circum- 
ference; fifteen ori: edch - side. The walls thereof 
were, in thickness, eighty-seven feet ; in height, 
three hundred and fifty. ; on which were built, 
two hundred and fifty towers; these were con- 
structed. of large -well-burnt bricks, laid in bitu- 
men,* a glutinous slime, which, in that country, 
issues out of the ‘earth, and in a short time, when 
‘exposed to. the air, Sows harder than the very 
br icks which: are laid therein. . 

ae his city was wholly. surrounded by a ditch filled | 
with water, extremely deep and. wide. The river 


Euphr ates, running through the same, from north 


* Consisting chiefly of what the Chemists call AciRaltoms 
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to south, divided. it- into ‘two -equal parts, over 
which, we aré told, a magnificent Bridge, with a. 
single Arc, upwards: of six hundred and’ sixty 
feet span, by thirty -feet wide, was erected ; which. 
joined the two aes of the city together m the . 
middle. | i 
At the east end of this oe Bridge 3 stood the . 
old Palace, which took up four squares, and was. 
four miles in circumference. _ fe ie 
- At the west end thereof stood thé: new. 7 Palade, i 
which contained sixteen squares, being eight miles 
in circumference. ae oso 7 
On each side of the ‘river. were erected strong 
quay. walls, . of the. same thickness as those, which 
surrounded the city; these formed. the abutments 
of the Bridge, as, well as a protection to the banks 
of the river ; and, it is the opinion: of certain com- 
mentators, that not only. the. boundary walls of. the 
city, and those of the river Euphrates, | as above 
described, were built. wholly with brick, made of 
the clay dug .out of the ditch round the: city, as 
the historian describes, and of which we have: secti 
many specimens that. have been. brought. into 
Europe lately ; -but also, it is more than probable 


that the vast extended arc was likewise erected with 
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the same kind of material. For itis said, that those 
employed in the erection of this City and Bridge 
had. not discovered any stone at hand suitable to 
quarry, though they had been engaged, as Mecas- 
THENES informs us, in an immense excavation of 
fifty-two miles square, by seventy-five feet deep, 
thereby to form a lake, or reservoir, that should 
prevent the waters ‘of the Euphrates from endan- 
gering the city, when the Armenian snows swelled 
it into an yearly overflow of its banks, as part of 
the current was then diverted into this lake, and 
afterwards, on proper occasions, were drawn forth 
to moisten the fields that lay below the level 
thereof. Neither was it to be expected, that they 
had attained as yet a:sufficient knowledge by their 
experierice in mechanics, to authorize them in the | 
erection ofa timber fabric of such extensive dimen- 
sions. » And what tends still further to corroborate 
this opinion is, that they had already proved. them- 
selves competent to the erection of arches of ‘no 
small dimensions ; as we are informed that all 
_ the openings in that immense building erected by 
the offspring of Noau, called the ‘Tower of Babel, 
were turned with arches of this material. They. 


had also evinced their skill, in the carrying ofa brick 
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tunnel under ‘the channel of the river Euphrates, 
to afford a secret communication ‘betwixt the two | 
Palaces, — ‘These . circumstances, with others that 
are recorded i in sacred ° as’ well as. profane history, 
tend: to favour the impression that this Bridge, 
though erected at this carly stage of the. world, was. 
wholly built of brick.. . a 

We pass on to observe that other remote ages of 
antiquity have furnished. their various constructions 
for the crossing of rivers. It is written that about 
five hundred and ten’ years before ‘the. birth of © 
Curist, Darius Hysraspes built a Bridge of, 
Boats across the Danube, when engaged in. his 
Scythian warfare.. He also. crossed. the Thracian 
Bosphorus, with upwards of SIX hundred thousand X 
men, by means of a- Bridge. of this. sort, the strait 
being three thousand feet: over. - Xerxes, in the 
year, four hundred and ninety, before C WRIST, had : | 
a Bridge of Boats of ‘nearly: a mile in: length 3 across 
the Hellespont. This. first Bridge ‘that Xr REES ; 
formed, ‘being: carried away by a tempest, he sub- 
stituted two others; the one consisting | of. three : 
hundred and sixty vessels of the largest kind used ee 
in ancient navies, and the other containing | ‘three 


hundred and forty ; these were moored with large 
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anchors. Six immense cables, fastened to large 
piles driven into the banks of the opposite shores, 
extended the whole length of the Bridges; across 
these were’ laid trunks of. trees, and on them a 
flooring, which was covered with earth, for the 
passage of the army. ~The whole secured by a 
railing on each side, from ‘end to'end. ‘These float- 
ing Bridges, and many others of a like nature, are. 
objects of curiosity, and. have their use on similar 
occasions ; but we prefer to treat on those of more — 
~ recent date and nobler form, and first we look at. 


the illustrious _ 
CHSAR’S TIMBER BRIDGE, 


erected upwards of eighteen hundred years ago, in. 
his first expedition - against the Suevi, across the 
Rhine ; 3 at which: time it became ‘necessary for him 
+ to throw a ‘bridge over: that river, for the. safe pas- 
| sage of | his troops ; ; boats or shipping being deemed 
inadequate to the purpose, -from various. different 
_ causes. ~The. difficulty. of constructing a Bridge 
was also exceeding great, when the vast breadth and: | 
depth of the river, as also th e rapidity of the current 


were considered; but Casar was not to be de- 
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terred by any obstacle that force and art could oyer-. 
| come, and he accordingly set to work by joining. 
‘two posts of timber, each a foot and a half 7 square, 
‘sharpened at the lower ends, and of a,length. pro: 
portioned to the depth of water, with biaces or cross 
rails so contrived as to. keep them two feet asunder. | 
Letting these posts down into the water with ma- 
chines suitable for the purpose, he caused them to . 
be driven obliquely into the bed of the river, with 
wooden mallets, sO as to lean’ the way of the 
-curtent ; and over r againt ‘theée: at. the distance of 
forty feet lower down the river, were driven other . 
two posts, leaning against the stream, and connect- 
ed in the same manner as the former with braces. - 
_ These double posts were. kept in’ their, stations by | 
cross beams, two feet square, to answer to. the space | 


between the posts, having their ends secured by the ; 


two braces or cross rails of each pair. One of the a 


braces being above and the other under the beam, S 


they were made. fast to opposite sides of the posts ; ; i 


and such was the firmness of the work, cand s so com: a 


plete the formation of the parts, that the- more e rapid sox, 
and powerful the current, the closer and. more com: : 
pactly were the joints of the Bridge pressed ‘toge. 


42 HISTORY 
ther. After proceeding in this manner to the opposite 
shore, beams were spliced to each other and placed 
longitudinally ; then straight planks were laid across 
them, and the whole covered with lath and hurdles ; 
and that nothing might be wanting to. secure the 
Bridge from harm, he directed. piles to be dri- 
ven obliquely into the water, to act as buttresses 
against the current, as also to prevent the force of 
timber, or any other floating commodity, which * 
chance or the enemy might purposely throw into 
the stream, for destroying the work... On this 
Bridge CHsar passed. with his numerous army, to 
show the Roman’ prowess to his German foes ; 
and which, having accomplished his object, he 
soon afterwards destroyed. 3 aa | 

In the East-Indies, are several ancient Bridges 
of singular construction... TurNER, in his interest 
ing history of his embassy to Tibet, gives us an. 
account of some. that were then standing, of a very 
great age. op. 7 

A BRIDGE AT BENGAL, : 


" CONSTRUCTED OF ‘BAMBOO. 
- We left Calamatty plain, and half an hee after 


passed Saftabarry, crossing a wide -nullah, | or 
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ee over which was thrown an: elevated bam- 
boo Bridge, constructed upon forked props. Bam- 
boos resting in the fork, and covered. with split 
bamboos woven into mats, composed the platform. 

It was strong enough for foot passengers, but un-- 


safe, as I should ga ae for ee or or 


JA BRIDGE AT BOOTAN, | 


“CONSTRUCTED OF ‘TREES. 
ae Near. the bottom of this hill, water constantly 
drips from the overhanging rock, and ina deep 
‘recess, at the foot of the mountain, a cascade, rush- | 
ing from a thick wood, formed a large stream. of | 
water, over which was placed a Bridge constructed. 
of trees, whose ends rested on either side. of the 
tock, with split pieces _ of timber laid ‘across 
them.” p. 48. “Tn the course of this day’s jour- 
ney, we passed by a similar Bridge across a large 
- stream, which came tumbling downs, cataract over | 
cataract, from the top of a lofty mountain.’ e Dp 
49. gee We next passed the Bridge. Dadookoo, 
which is thrown ACrOss : a torrent. that rushes fr om. 
the thicket over an immense ridge of rock : after 


this we passed. also the Padoochieu Br idge.” p- ‘53. 


ra HISTORY 


A BRIDGE AT BOOTAN, 
CONSTRUCTED OF TWO ROPES. 

“ As-very curious: and simple Bridge, for the. 
accommodation of single ‘passengers, communica- 
ted between this and: the opposite mountain. mia 
‘consisted of two large ropes made of twisted creep- 
ers, stretched parallel to each other, and. encircled. 
with a hoop. The traveller, who wishes to cross 
over from hence, has only to place himself between 
the ropes, and. sit down. in the hoop, seizing one ~ 
rope in each hand, by means of which he - slides 
himself along, and crosses an abyss on. which I 
could not look without. shuddering. Custom, ‘how- 
| ever, has rendered it familiar and easy to those who 
are in the practice of thus passing from one moun- | 
tain to the other, as it saves” them, by this expe- 


dient, a j000 ious joumey.0 of oe pela m 5A. 
A BRIDGE AT BOOTAN, 
CONSTRUCTED OF a aN eEeeins, 


« We descended the mountain, and cr ossed the 
chain Bridge called Chuka- cha-zum, ‘stretched over - 
the ‘Tehintchieu river, a short: distance above. the 
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castle of Chuka, which is: reckoned eighteen’ miles - 
| ‘from Murichom. © For the best ‘explanation of its 
construction, ‘I refer to fhe annexed plan ‘and sec- 
tion, constructed froma measurement of the differ- - 
ent parts. *.-Only one horse is admitted. to g0 over 
it at a time; it swings as you tread upon it, react- 
ing at the same time with a force that impels: you, 
every step. you take, to quicken. your. pace. It 
may be necessary to say, in explanation. of. the - 
- plan, that on the five chains. that. support. the plat: 
form, are placed several layers of strong coarse 
mats of bamboo, loosely put down, so-as to play 
with ‘the swing-of the Bridge; and that a fence . 
‘on each side, of the same materials, contributes to. 


the security of the si ae ps 92% 


AL BRIDGE aT DURHAM,+ 
CONSTRUCTED OF CHAINS. 
« A similar Bridge to the last mentioned, over 
the river Tees, is described by Hurcurnson, in» 
his History and Antiquities of Durham. a About | 


two miles above Middleton, where the river falls. in 


_ * See plateNo. 6. # Enexanp. 
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repeated cascades, a Bridge, suspended on iron 
chains, is stretched from rock to rock, over a 
chasm nearly sixty feet deep, for the passage of 
travellers, but particularly for miners: the Bridge 
is seventy feet in length, and little more than two 
feet broad, with a hand rail on one side, and plank- 
ed in such'a manner that the traveller experiences 
all the tremulous motion of the chain, and sees’ 
himself ‘suspended over a roaring gulf, on an agi- 
tated restless ‘gangway, to which few. travellers 
dare trust themselves.” p. 56. “ In a nation 
where no records are kept to perpetuate the me- 
mory of the achievements of genius, and. in which 
the minds of the people . are remarkably prone to 
superstition, perhaps more than a century may not 
be necessary, to deify the author of a great work. 
Thus it is, that the Bridge of Chuka is reckoned 
to be of more ‘than mortal production, No less a 
being than the dewta Tehuptchup could possibly 7 
have contrived sO curious a piece of mechanism. 
Neither the origin nor the history of this renowned. : 
Tehuptehup can be traced with any: degree of ‘cer- 
tainty 5 but the works they assign to him, the road | 


up the mountain, and the Bridge at Chuka, do cre- 
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ait t to 2 genius, who deservedly ranks high upon 
| the rolls of Fame, and justly claims fr om the inha- 


tants decided tokens of oe and gratitude.” 


A BRIDGE AT BOOTAN, 


. caLLED SEEOCEAZEMD CONSTRUCTED or Two. CHAINS. 


. Sieh had ogscieael about ‘five or six miles, | 
when, at a small distance from the road, my eye 
was caught by.a Bridge for foot passengers, of ari 
extraordinary construction. It was. composed. of 
two chains stretched parallel to each other across 
the river, distant four feet from each- other, and 

on either ‘side resting upon a pile of stones raised | 
upon each bank about eight feet high: they were | 
carried down with an easy slope, and buried in 
the rock, where being fastened round a large stone, 
they were confined by a quantity of broken rock ee 
heaped. onthem. A plank about eight inches broad 
hung longitudinally, suspended across the river with 
roots and creepers, wound over the chains with a 
slackness sufficient to allow the center to sink to 
the depth. of four feet below the. chains. This 
Bridge, called Sclochazum, measured, from. -one 


side of the water to the other, seventy feet. The © 
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“creepers are changed annually ;_ the planks are all. 
loose, so that if the creepers give way in any part, 
they can be removed, and that particular part rer 


paired without rs the whale P. 59. 


A BRIDGE AT BOOTAN, 
OVER THE TEHINTCHIEU-PATCHIEU, CONSTRTCTED OF 


LONG BEAMS OF FIR. 


ia 


“Ata . distance from fees we passed Durbee 

Castle, built upon the crown of a very steep rock, 
which stands on the road: to Paro, and. within its 
district. ~The. foot | of the rock i is washed by the 
Tehintchieu-Patchieu, over which i is thrown a wood- 
_ en Bridge, constructed of long beams of fir, reach- | 
ing. from side to side, with deal ‘planks placed 
crossways on them, and bound down with: bands of 
bamboo, Although thes¢ Bridges are strong, yet 
: they, are of a most’ simple structure ; and there is 
this peculiar advantage in them over heavy masses 
of masonry, that i in times of commotion, they can 
be very quickly removed on. the slightest emergen- 
cy.” p- 60. | | : 

“< At the foot of the Chupka mountain, we cros- 
| ced a ‘Bridge, styled Russoo- Noomboo, and ascend. ; 


ed by a very steep and rugged road to the Castle,” 
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“« ‘There are wooden Bridges across the river at 
" satods Seve, and other: places that ‘we > pas: = 
“sed. 2p. 61. : ae 
_» We crossed a subistaitial andl elevated wooden 
Bridge over . the - Tehintchieu, : six. “miles. from 
‘Wangoka, where: the bed | was a ‘rocky descent, and | 
the stream, of. course, ‘extremely rapid.” p- 62. | 
F inally, a Bridge over. the Matchieu- Patchieu; con-, 
ducted us to ‘the hill, -on: which the Fortress: of 
| Wandipore stands. I must return, to this remarka- 
ble structure to. give a particular description of. it. 
The: Castle of Wandipore, with i its gilded canopy, 
is of equal antiquity with the Biidge ; and both 


are said to have been erected. by: Lam Sosnoo,: % 


about one hundred and forty years ago, when he 


ae and Ponseaned Hint of Bootan ae 


v A BRIDGE AT WANDIPORE, 


XL ev. 


_ CONSTRUCTED WwiTH LOGS oF ‘FIR. 


«The nddke at Wandipore is. of singular lightness. : 
and beauty i in its appearance. Iti Is ‘composed entirely 
of fir, and has’ not the smallest piece of iron, or any” 
other metal, to connect its parts 5 ; it has three gate- 
ways ; ; “one on cach side. the r riv er, and another . 
erected i in the stream, upon a pier, which 3 is. pointed 


i 
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like a wedge towards the current, but is on the; 
opposite ‘side a little convex; below it, the eddy, 
- produced by the reunion of the divided water, 
has thrown up a large bed of sand, on which grows _ 
a large willow, that . flourishes extremely. The 

gateway, on the Tassisudon side, is a lofty square 
stone building, with projecting balconies near the 

top, bordered by a breast-work, and pierced with 

“a portcullis.. The span of the first Bridge, which 
occupies two thirds of the breadth of the river, 
measures one hundred and twelve feet : it consists 
of three parts, two sides and a centre, nearly. equal 
to each other ; the sides having a considerable slope, 
‘raise the elevation of the centre platform, which. is 
horizontal, some feet above the floor of the gate- 

Ways. A quadruple row of timbers, ‘their ends be- 
ing set in the masonry of the bank and pier, sup- 

_ ports the sides ; the centre part is laid from one side 
to the other. The beams and planks are both of 
hewn fi fir; and they a are pinned together by large’ 
wooden pegs. This i is all the fastening I -could 
observe ; ; it is secured by a’ neat light rail. The 
Bridge, from the pier to the hill, is horizontal, and 

the beams rest on the pier, and on a triple row 


of timbers let into the bank it has.a penthouse 
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cer it which is covered with shingles. The 
gound state of this Bridge is a striking instance of 
the durability of the turpentine fir ; for, without the 
application of any composition in use for the preser- 
vation of wood, it has stood exposed to the changes 
of the seasons for near a century and a half, without 
exhibiting any symptoms of decay, or suffering any 
injury from the weather.” p. 133.8 75 

“ We crossed the Patchieu over a covered wood- 
en Bridge, and turning to the right, passed through 
a door way ina wall, that serves to part the court- 
yard from the Rajah’s garden.” 138. | 


AB PELDGE AT TIBET, | 
CONSTRUCTED OF TIMBER AND STONE. ~ 


fe At the foot of Painom, over the broadest part 
of the river, was constructed a long Bridge, upon 
nine piers of. very rude structure. The piers were 
composed of rough stones, without cement, but, to 
hold them together, large trees, with their | roots 
and branches, had been inserted; and some of 
them were vegetating. Slight beams of timber ‘were 


laid from pier to pier ; and upon ‘them large flat | 


* See plate 9. 
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stones were loosely placed, that tilted and rattled 
when trod upon: and this, I fear, is a specimen of 
their best Bridges in Tibet. Many of them. were 
extremely dangerous to pass over.” | 

Before we leave the East-Indies, we shall men- 
tion some of the Chinese Bridges, which are con- 
sidered as wonderful pieces of. art, scarcely to be 
parallelled by any thing of the kind in a The | 
most surprising of these structures is: 

A BRIDGE IN éwiw k 

. Seeoeeeean OF WHITE STONE, WITHA SINGLE ARC, 
which has obtained the name of the flying Bridge, 
from its being built over an extensive river, from 
one mountain to another, and consisting only of 
one single "are, five hundred cubits, or seven hun- 
dered and fifty feet high. from the water, and. four 
hundred cubits, or six hundred feet span. This 
immense are is semicircular, the stones that form the 
archivolt are from seven to twelve feet m length, | 
Z the voussoirs are intradossed and extradossed from 
a.centre like unto the arches in Europe, and. the | 
whole of the masonry of this Bridge executed in a 


style that would do. credit to the aecole of any 


country. 
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A BRID GE IN omINa, -s 
CONSTRUCTED OF BARGES. 
.. Another Saati. Bridge. in ‘the province of 
Chansi, at the conflux of two large rivers, which is 
built upon one hundred and thirty barges, chained 
together, but so contrived as to open and admit 
vessels. to pass through, after paying the usual 


toll. This sort of Bridge is common in China. - 


TWO BRIDGES IN C HINA, | 
coxsrRucTEp OF STONE, — mena, ARCHES. 
In the province of Fo-kien, is a Bridge of one hun- 
dred and eighty chains in length, or eleven thousand 
eight hundred and eighty feet, by twenty-five | feet 
wide. It is built with three hundred and one hori- 
zontal. arches, and supported by three hundred 
rows, or ranks of pillars, besides the two abutment 
“piers; has a parapet on each -side, and is adorned 
with the figures of lions, at certain distances ; ; and 
a variety of other sculptures, At Fuchew,, the cap- 
ital of . Fo- kien, is erected a Bridge of a. similar 
kind, four thousand nine hundred and fifty feet in 


length, and consists of one hundred lofty arches. 
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| The parapets of this Bridge are also ornamented 
with figures of lions and other animals. The whole 
of the material of these Bridges is fine hard white 
stone, and they are supposed to have been erected 


for many ages past. - 


A BRID GE IN PERSIA, .. 
CONSTRUCTED OF BRICK AND annem. 

This bridge is built at Zulpha, one of the suburbs 
of Ispahan, and is represented by Taverirer and 
THEVENOT, as one of the finest structures in Per- 
sia. It is nearly one thousand. feet in length, and | 
fifty in breadth. It is built with a great number of 
arcs. turned with freestone, the - water-tabling, 
cornices, and ornaments, are of the same sort of 
material, but the spandrel walls between them are 
of brick. ‘The road over this Bridge is almost level, 
the middle of it being. not much higher than the 
ends, ‘Oneach sideisa gallery ten feet broad, which 
reaches from one end of the Bridge to the other, 
and is raised several steps above the level of the 
Bridge ; this gallery is also supplied with frequent 
openings for the ‘sake of light, fresh air, and-a 


prospect of the river. Those persons.that desire a 
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more open passage, may walk upon the platform 
over the said galleries, but generally the passenger is 
so much exposed to the heat of the sun in summer, 
and the effects of tempest i in the winter, that he gen- 
erally chuses the covered walk, which also serves 
for a horse- -way, when the river overflows and fills 
the middle way of the Bridge, more particularly 
intended for that purpose. But what is most re- 
markable is another passage, when the water is low 
in summer, which is particularly. agreeable, on ace 
count of the coolness it affords. This way is near- 
ly even with the bottom. of the river ; but there 
are stones so placed that persons may walk over 
without wetting their shoes ; and openings are. 
made through the piers from one end of the Bridge 
to the other; the whole furnishing a a most splendid 
appearance, : ¥ : 
MODEL OF A PROPOSED 
BRIDGE IN RUSSIA, 
. CONSTRUCTED OF TIMBER. 

Mr. Coxe, in the history of his travels through 
Muscovy, in Russia, in the year 1789, informs’ us 
of a certain Russian peasant, possessed of but little 


knowledge in the theory of mechanics, who, after 
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having. produced ‘many’ truly curious inventions, 
projected the sublime plan of throwing a wooden 
Bridge, of a single arc, across the spacious river 
Neva, although the stream, in the narrowest part, 
is nine hundred and eighty feet broad. His plan 
is to form the Bridge by four frames of timber, 
two on each side, composed of various beams or 
trusses, which are to support the whole machine ; 
the road, instead of being carried over the top of 
the arc, is to be suspended in the middle, and 
the seracture is to be roofed at the top, and cover- 
ed at the sides. According to the computation of 
the projector, this Bridge would : require twelve 
thousand nine iundred dnd eight large trees, and 
five thousand five hundred beams to strengthen 
them, forty-nine thousand six hundred and_ fifty 
ron nails ; and the expense of its erection would 
amount to three hundred ‘thousand roubles,’ or 
sixty thousand pounds ‘sterling. He is perfectly 
convinced of | the practicability of this scheme, and. 
the admired writer, from whom we have extracted 
the substance of this account, seems of the same 
opinion. But whether the execution of so stupen- 


dous a work be deemed possible or not, the model 
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js certainly worthy _ of attention, and reflects the 
highest honour on the inventive faculties of an un- 
-jmproved genius. The model is ninety-eight feet 
long, and is constructed with such uniform solidity, 
that it has supported fifty-six ton - seventeen hun- 
dred three quarters and twelve pounds weight, in- 
cluding its own gravity, and the weight with which 
it was loaded, which is far more, in proportion to its 
size, than the projected Bridge would have to sus- 
tain from its own weight and the additional pr essure 


of carriages. * 


A BRIDGE IN ITALY, 
| CONSTRUCTED OF ihe | 

_ This famous Bridge, called the Rialto, is at: Venice, 
and is universally allowed to be one of the finest 
in Europe. It was built 1 in the year one thousand 
five hundred and ninety-one, from a design of the 
celebrated Micuaer Anceto, and i is said to have 
cost two hundred and fifty thousand ducats. 

It consists of a single Arc, all of marble, has | 
rails on each side, and two rows of jewellers shops 
in ‘the middle, The dimensions of this Bridge. are 


taal Wonders of Nature and Art, vol. iii, p. 120. 
8 
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as follows: the segment ‘of the arc is exactly one- 

third part of a whole circle ; its span on the level 
of the water; from one abutment to the other, is . 


ninety-five feet, and its height twenty-four.* — 


A BRIDGE°’IN SWITZERLAND, | 
7 ‘CONSTRUCTED OF TIMBER. - 

~The late Briige'o over the. Rhine, at Schaffhausen, 
was of singular architecture, and worthy of particu- 
lar attention. Several stone Bridges had been car-— 
tied away by the rapidity of the torrent, when a 
carpenter of Appenzel off ered to throw a wooden 
Bridge of a single arc across the river, which is nearly 
four hundred feet wide. The magistrates, however, 
| required that it should consist of two arcs, and that 
the middle pier of the old Bridge should be employ- 
ed for that purpose ; but although ‘the architect was 


= obliged to obey, he contrived to leave it doubtful 


~ whether. the Bridge was supported. by the middle 


pier, and whether it would not: have been equally | 
safe if formed after his own plan. AA man ‘of the 
lightest weight felt ‘it vibrate under him, though 
waggons heavily laden might pass over it without | 


* Vol. ii, p. 94 
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danger. Its mechanism, though simple, was most 
extraordinary, and. afforded. a striking proof. of the » 
abilities of the man ‘who projected z and executed it, 
without the least. knowledge of mathematics, and, 
in fact, without the. least pretensions: to literature. 
| This curious Bridge was finished i in less than three 
years, at the expense of eight thousand. pounds ; but 
it was burnt by. the F tench troops, © when they 
evacuated Schatf hausen, after being defeated by the 
Austrians, in the spring: of seventeen hundred and 


ninety-nine. * 


A BRID GE IN SWITZERLAND, 


CONSTRUCTED oF STONE. 


At Bex, in the Canton of Bern, isa ‘ie Bridge : 
overthe Rhone. It consists only of one Arc.of a 
considerable. height, with a handsome tower on the 
| top, and is nearly five hundred feet : span. eee 
A BRIDGE IN SWIT ZERLAND, 
| CONSTRUCTED ‘ALSO OF STONE. ee bo 
Ih the canton of Uri i is-a stone. Bridge, erected 
over the Russ, of a surprising height, consisting 
solely of one arc, - resting upon. two. high rocks. ~ 


~The neighbouring pony have given it the name 


* Vol. ii, p. 204. 
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of “ THE DEVIL’s BRIDGE,” from a simple opin- 
jon that such a stupendous work must have been 
erected by the Devil. oa oo # ws 
A: BRID GE IN 5. wit 'ZERLAND, . 
me CONSTRUCTED ALSO OF TIMBER. ae i 
Uxricu Gud rite ui, of Tuffen, m the canton 
of Appenzel, the same self- taught artist that erect- 
ed. the Bridge at Schaffhausen, “afterwards built a 
wooden Bridge at Wettingen, a little more. than a 
mile distant from Baden, which 1 is allowed to be a 
“most: admirable piece of mechanism. — ~The whole 
of the weight of this Bridge i is carried Py a. single 
Are” composed : of two ‘circular ribs, one on each 
side of the Bridge. Each rib is made up of seven 
thicknesses of: timber, belted together with iron 
~ hoops. and keys, “making in depth seven, feet: "diese 


are placed i in. the form of. a true segment of a: circle 7 


of four hundred and fifty feet diameter, and the 7 


ends thereof rest in a timber shoe, ‘walled into the 
abutment, so as to prevent the Bridge by its gravi- 
ty from, pressing ‘out the curve. ~The platform on 
which the carriages. pass. is lower ed’ down’ between 


these ribs about twelve: feet. from ‘the level of . the | 
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sown of the arc, and is supported by cross beams 
hich hang ¢ on the external framing. - The span of 
the arc by actual measurement is two hundred feet ; | 
the cradle, feine and shoe, that contain the: ends: of 
the ribs on each shore, .and which support the con- 
 tinuation® of ‘the floor of Bridge above, . advances 
“twenty feet. on each side; making. the whole a 
length of the floor, from end to end, two hundred | 
and forty-feet.. This Bridge also, like that © of 
Schaffhausen, is covered with a ‘roof. i: For a far- 

ther illustration of its form, see plate 7 ‘Mr. Coxz, 
in the first volume of his travels im Switzerland, 
observes, that the waters of the Limmat flow under 
“this Bridge | with such rapidity, that i m ‘the ‘moment ; 
he was admiring its bold projection on the one side, 
by the velocity. of ‘the current he» ‘was. -Impercep- 
tibly hurled to the other 4 in the twinkling. of an 


eye. 


“BRIDGES. IN AFRICA, - 

| _ CONSTRUCTED OF TREES. — . ee 

In different parts of Attica there are e Bridges of aes 
very singular. construction. The sort most fre- 


quently preferred are built j in the following man- 
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ner. Several-large trees are fallen with the princi- 
pal part of their roots carefully preserved ; ‘the 
number intended to compose the Bridge are then 
launched into the river two at a time, one from. 
each shore ; the tops of the trees which float on the 
water are next fastened together with green bam- 
boos; the roots of each. tree rest In a hole dug in 
the bank on each shore, and when the Bridge is fin- 
ished, they are covered over with the earth that was 
first dug therefrom ; by which. means the trees, 
though | many of them. are > very large, often take 
root and grow luxuriantly. | When this happens to 
be the case, the Bridge is sure to last. for a much 
longer time than: those that possess no. tic im the 
banks of the river. : The road-way over these 
Bridges is covered with dry bamboos, : and the 
whole form a passage descending. from each end 
toward the middle,: like an inverted arc. vIn rainy 
- seasons, these Bridges, where the roots of the 
trees have no hold. in the banks of ‘ the ‘river, are 
_ frequently carried away by the current ; but a small 
tribute, collected from passengers, bene to rebuild 
them. Similar Bridges to these are to be found 


also in Norway. 
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BRIDGES IN. NORWAY, 


CONSTRUCTED OF MASTS. 


Where the rivers in “Norway are deep, ae the 
rapidity of the current such that no timber pier 
can withstand its force, there Bridges of con- 
siderable extent, constructed ‘of large masts, are | 
frequently erected. «The parts. of the masts, which 
are to rest on each other, are: ‘first hewn to a flat 
surface, whereby to prevent them from rolling ; 3 
one tier of the largest of these masts is then proj ect- 
ed into the river from each side, with the thickest 
end fastened to the rocks: the first ‘tier, making 

the width of Bridge, béing thus aid ir the water, the 
second is: placed thereon, extending six -or eight 
feet beyond the first ; then a third, fourth, or fifth 
tier, in the same order, till they reach" the middle 
of the stream, “where they are. joined by the con. 
nected. masts from the opposite’ shore. The pas- 
senger, i in crossing over this Bridge, i is often alarm. | 
ed by its swinging and cradling, especially in the | 
-middle, and which to strangers: appear so extremely 
danger ous, that they always. dismount: from their 


horses, and prefer to lead them over. 


ae od 
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BRIDGES IN NORWAY, 
CONSTRUCTED: WITH PIERS. . | 

Over those rivers: that are the most wide, and 
where the waters are also shallow, Bridges are erect- 
ed with piers, formed of ‘wooden cases, filled with 
stones, on which are laid the longitudinal breast- 
summers that carry the weight of the platform. 
The largest Bridge of this kind m Norway has for- 
ty stone cases, and is three hundred feet in length 
_ by twenty-eight feet wide: 

BRI pees ‘IN SPAIN, 

CONSTRUCTED, OF ‘STONE, “AND SOME. “OF. woop. 
| There 3 is a hatidaodic Bridge over r the e taaanne: 
at Badajoz, consisting of thirty arcs, and more than: 
fifteen hundred feet in Jength. At Saragossa are 
two noble Bridges over the Ebro, the one of stone, 
the other of wood, which ‘latter is reckoned the 
finest-of the kind im Europe ; and the Bridge over 
the Manzanarez, at Madrid, built by Pu ILLIP I, 
is very long and Inagnificent. To these we must 
-add the fine Bridge over the Mondego, at Coimbra, 


in Portugal, consisting of a double range of arcs 
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one above another, forming an extensive covered 
way, through which passengers pass, we? being 


a to the. weather. * 


A BRIDGE IN PORTUGAL, | 
CONSTRUCTED OF STONE. - | 

The Romans, ale masters of Spain and Portu- 
val, erected many magnificent structures: the re- 
mains of some of them are to be seen in sundry 
parts of the kingdom to the present day. Among the 
rest was a splendid Bridge over the Tagus, at Al- 
cantara, which was built of stone, in the reign of the 
emperor Trajan. This Bridge consisted : of six 
arcs, each one hundred feet span, the height thereof 
from the face of the water is said to be two ‘hundred 
feet. About two miles above this Bridge j isa mod. 
erm work of art, which may vie with the noblest 


labors of the. Romans; namely, the 


AQUEDUCT 
BRiDGE OF ALCANTARA, 


CONSTRUCTED OF STONE, ~ 
near the city of ion. - Tt is one of the most 


magnificent works of the kind ever executed, and 
a Wonders of Nature and Art, vol. i, p: 27 oe 
Qg . 
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was begun in the reign of Joun V, king of Portugal, 
in the year one thousand seven hundred and thirteen, 
and finished the sixth of August, one thousand 
seven hundred and thirty-two. The . architect, 
undet whose Inspection it was begun and finished, 
was the brigadier Manser pe Maya. The 
streams which pass through this duct, for’ the use 
of the inhabitants of the city of Lisbon and villages 
adjacent, have their chief supply from a spring near 
| the Riberia de Caranque, about three leagues and 
a half from Lisbon, where the. aqueduct com- 
mences ; and _the: water is conveyed from thence 
through the hills by subterraneous passages, where 
some other springs unite with them, and cross 
many valleys on the tops of ranges of very magnifi- 
cent arcs, of which that crossing the vale of Alcan- 
tara is the chief. From a subterraneous course the 
water is conveyed through the building on the top 
_ of the arcs, Dy means of two channels, which afford 
-an abundant and never-failing supp y of water to 
Lisbon. | 

The water-channel inder the grind arc of Bridge 
is about twenty-four feet wide, and seven feet deep, 
but, except in very rainy seasons, no water passes 


through this channel; the small running stream 
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constantly passing through ‘the vale of Alcantara, 
till it empties itself into the Tagus at ‘Alcantara 
Bridge, about the distance of two miles from the 
Aqueduct. eee 

This immense building consists of. thirty- five 
ares, the centre one of which i 1S one - hundred and 
eight feet in span, and two hundred and twenty. 
seven feet high ; ; the total length of the piers and 


| arcs is. two thousand four hundred and. | sixty-four | 
feet. a een 
oT RAJ ANS BRIDGE: 

‘OVER THE DANUBE, 

is one of the most celebrated structur es. of ancient 
times. If we may. believe the description given of. 
at by Dion Casstus, and we have no reason to 
doubt it, the Bridge was composed of twenty, piers 
of squared stone, each of them one hundred and 
fifty feet high above the foundation, sixty- -feet in 
breadth, and one hundred and seventy. feet. distant 
from each other, which was the width of the arcs, 


? The preceding account of this Bridge we “have extract- 
ed fr om that valuable repository of infor mation which i ds 

now republising 3 in Philadelphia, with many tmportant, ad 
~ ditions : | DR. REES’ S New Cylbede | 
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being twenty-one in number ; the whole length of 
the Bridge being nearly four thousand five hun- 
dred fect. | : | 

THE BRIDGE OF NARNI 

. ‘IN ITALY, | 
built by Aucustus Cxsar, over the river Nera, 
is often mentioned by. the Roman writers, and was. 
considered by them an extraordinary work (of art. 
Acost1no Martineuut, who lived in one thou-. 
sand six hundred and seventy-six, describes this 
Bridge to have been six hundred and thirty-seven 
feet in length, consisting of four arcs of immense 


and unequal dimensions. One of them, the first, was 
entire inthe time of Marrinetui, and measured 


seventy-five feet wide, by one hundred and twelve | 
_feet six inches high ; a the second was one hundred 
and fourteen feet wide, the third one hundred and 
_ -thirty- -five feet, and the. fourth one hundred and. 
forty-two feet. Mr. Appison, i in his remarks on. 
several parts of Italy, where he travelled in th 1€ years 
1701, 2, and 3, says that he saw the remains of this | 
Bridge, which joined two mountains together, and 
considered it one of the most stately ruins in 


Italy. It has no cement, and looks as firm as one 
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entire stone. There is an arc of it unbroken,. the 
broadest he had ever seen ; and he concludes that this 
was the identical.Bridge mentioned by.Marriat, 


Lib. vii, Epig. 93, 


Sed jam parce mihi, nec abutere Narnia Quinto ; 


Perpectw liceat sic tibi Hoe frit. e 


‘BRIDGES: IN FRANCE, 


; The: first that. we. ~ shill: notice, is Ghe: famous 
Bridge over the Rhone, at St. Esprit, j in ‘Languedoc, 
which is reckoned, one of the finest in Europe. 
This Bridge is of stone, and of a ‘great. length, 


consisting of twenty- SIX arcs, whose piers are se-_ 


cured by two pedestals that surround each, which | 
have their. projectures like rows of steps or stairs, 3 
the lowermost projecting most, the ‘other less by 
degrees. ‘Above these are several small ar¢s, ‘which 
| divide the feet of the great ones, and reach as low. 
as the plane of the uppermost pedestal. As the = 
Rhone is a very rapid river, this Bridge i is admirably 
contrived to withstand its violence ; for the unequal 
juttings | of the pedestals serve gradually: to br eak 
the force of the stream, and when the flood swells 


so high as to.cover them, which it frequently does, 


70 HISTORY. 


the small arcs or openings in the piers give a free 
passage to the water, which otherwise endanger the 
fabric. Besides, the Bridge is not straight, but bent 
in several places, forming unequal angles, which are 
greatest where the current is strongest, and there- 
by its fury is opposed and broken. , 

Dr. Smoiuet ; mentioning this Bridge, ob- 
serves, that it is a great curiosity from its length, 
and the number of its arcs; but that the arcs - are 
too small, the passage above is too narrow, and 
the whole appearance: too slight to resist the impetu- 
ous force of the river.* 

THE BRIDGE, PONTNEUF, 
a - AT’ PARIS, © 
| CONSTRUCTED OF STONE, 
was begun in the reign of Henry Ill ; that mon. 
arch having laid the first stone upon the thirty-first 
of -May, one thousand five hundred and seventy. 
eight ; but it was not completed till the year one 
thousand. six hundred ‘and four. It consists of 
twelve arcs; is one thousand and twenty fect long,’ 
and seventy-two feet broad, of which the carriage- 


* Wonders of | Nature. and Att. 
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way is thirty feet, and the rest is taken up by a 
foot-path raised on each side. _ Over each pier is a 
semicircular parapet, round which there isa cornice, 


resting on lare consoles, and. adorned with busts.* 


“BRIDGE AT ROUEN, 


~ CONSTRUCTED OF BOATS. . . 
This Bridge was built m lieu of the magnificent 
Stone Bridge erected there by the Romans, and is_ 
mentioned by a modern writer as one of the great- 
est wonders of the present age. It is nearly - nine 
hundred feet long, and is paved with stone, So firm, 
that horses and carriages, with the greatest burthens, 
pass over it in perfect safety, although there are 
no rails on either side. It always floats and rises 
with the tide, or as the land waters fill the river. 
‘The boats are admirably moored with strong chains, 
and the whole is constantly repaired, though now 
very old. il 
BRIDGE OF NEUILLY, 
CONSTRUCTED OF STONE. . | 
Several of the Bridges in France are remarkable 
for their size and boldness of construction ; among 


* Wonders of Nature and Art. 
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which may be mentioned the Bridge of Neuilly, 
built by M. PErroner, over the Seine, on the 
alignment of the great avenue of the Champs 
Elysées, in front: of the Palace of the Tuilleries. 
This Bridge, which is level at top, consists of five - 
equal arcs of one hundred ‘and twenty-eight feet in 
span, by thirty two feet rise. The arcs are oval, 
composed of eleven arcs of circles of different diam- 
eters ; thus the upper portion of the arc was formed 
with a circle. of ‘one hundred and sixty feet radius, 
which, by its settlement during the building, and 
after the striking of the ceintres, was flattened, till it 
became an arc ofa circle of two hundred and fifty- 
nine feet radius, differing so little from a_platband, 
that, as Pzrroner observes, the rise of the 
curve, in a length of thirty- three feet; amounted 
only to six inches nine lines. The piers: are four-: 
teen feet wide, and the breadth of ‘the Bridge i 1S 
forty- eight feet. It was begun i in the year one thou- 
sand seven hundred and sixty- cight, and finished 
in the year one thousand seven hundred and — 


eighty.* 


* Rees’s new Cyclopzedia. | 
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THE BRIDGE ON THE SEINE, 


CONSTRUCTED OF STONE. 

This Bridge is erected near Mantes, and consists 
of three ares, the. one in the centre having an open- 
ing of one hundred and twenty feet French, one hun- 
dred and. twenty-eight feet English, and the two 
others one hundred and eight feet French, one hun- 
dred. and sixteen feet English; the piers being 
twenty-five feet six inches wide, and the abutments 
twenty-nine feet. This structure was begun by 
M. Hureau, in one thousand seven hundred and 
fifty- -seven, and completed by PERRONE rT. 


THE BRIDGE OF 
PONT-SAINTE-MAIXENCE, 

apne eee. OF STONE, - 
over the river Oise, on the great road from Paris, 
into Flanders, and is also a work of PERRONET’S. 
T his Bridge, which is forty-one feet wide, has 
three ares of seventy-seven feet opening; each being 
a segment of a circle described with a radius of 
one hundred and eighteen feet. Each ‘pier is sin- 
gularly composed of four cylindrical pillars, nine 

# Dr, Rees’s New Cribawan. 


“10 


~ 
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feet diameter, leaving, therefore, three spaces or In- 
tercolumniations between them, which are covered 
over with an arc, the two external ones closed up 


with a thin walling, and the middie one left open. * 


TH & ee Eee OVER THE LOIRE, 
AT ORLEANS, 
1S CONSTRUCTED OF BEON Sy - oh 
and is composed of nine arcs, which s spring ‘ at tw elve € 
inches above low water ; the middle are is one 
hundred. and six feet in span, with a rise of thirty 
feet ; the two arcs at the extremities being ninety- 
eight feet wide and twenty-six feet high, and the 
others in proportion ; the four middle piers are 
nineteen feet, the four others eighteen feet, and the 
abutments twenty -three feet six inches thick, ma- 
king the whole length eleven hundred feet; the 
arcs are oval, described from three centres. This 
Bridge was ‘built by M. Hurzav, was: ‘begun 
in one thousand seven hundred and fifty, and finished 
one thousand. seven hundred and sixty.’ ee 
Account of the Bridge which is constructed at 
Paris, between the Louvre and the Hotel de Quatre 
Nations, and of the experiments made to ascertain 
its stability. ee ae | 


* Dr. Rees’s New Cyclopedia. 
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| FROM THE BULLETIN DES ScIENCES.® | 
THE BRIDGE OF THE LOUVRE, 
‘CONSTRUCTED OF CAST- IRON. 

‘This will ie the first Bridge in eee in which 
the ares haye been made of iron, or rather of cast- 
~ jron.: It j is even the first which has. been executed 
in Europe according to the system adopted in-its 
construction ; ; and this system has the advantage or 
greatly economizing the metal, in ‘comparison, with 
that used i in ‘England for iron Bridges. Va: fact, in 
that of Coalbrook Dale, on the Severn, constructed 
about twenty- -four years ago, and which consists of 
a single arc one hundred feet i in span, and twenty- 
five feet wide between the railings ; the weight of 

metal ‘that has" been employ ed amounts to seven 
hundred and fifty - seven “thousand pounds ; ; whiéreas 
des weight of cast metal for the. nine arcs ‘of the 
; Bridge of the Louvre will not amount to six hun- 

dred thousand pounds ; ;- whilst its lensth between 


. the abutments is five hundred. and sixteen fect, 


and its width between the railings, thirty feet. It is 


* Repertory of Arts, 4 vel. second series, 1803... 
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true the English Bridge serves for carriages to 
pass over, whilst that of the Louvre is intended only =a 
for foot passengers. However, it has been ascer- | 
tained, by the experiments which have been made, 
that by augmenting either the number of ribs, or 
the dimensions of the pieces of which they are com- 
, posed, it would by no means have required sO 
much metal, though it be five times as long as the 
Coalbrook Dale Bridge, and wider than it, in the 
| proportion of one hundred to'seventy-four. The 
Bridge of the Louvre, see plate 13, fig. 1, 2, 3, 
consists of nine ares, and each arc is formed of five 
ribs. See fig. 1, To each rib there are two pil- 
lars, ff; ff; implanted into beds of cast ‘metal, fasten- 
ed to the piers ; a large arc, £2, gg, consisting of 
two pieces, which join in the middle ; two small 
ares hh, hh; two spurs 7, i, and eight supports l,l. 
The five ribs are joined together by braces at 
abed, c ba, and others between these ; and the 
uprig ight, bars «mn 0 p, are joined together by the 
brace g 7, andthe spurs stuax. | 

‘The metal pieces, of which this Bridge i is con- 
structed, are cast near Toroude, in the depart- 


ment of the Orne. M. Dinton superintended the 
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construction of this Bridge, and made the experi- 
ments of which we are about to give an account. 7 
A rib of the Bridge, taken at a venture, had 
been fixed upon a frame of wood- work, sO joined : 
together i in parts, that it could not sensibly length- | 
en; to- it were adapted cast-iron beds similar to 
those fixed upon the piers, and upright bars, with 
forked tops, in order to prevent the rib from devia- 
ting from a perpendicular during its being loaded, 
and also to support it in aS of its breaking, and 
seven boxes suspended at the same points, where © 
every rib will experience the pressure of a part of 
the flooring, and of. the at who shall pass over 
the Bridge. | 
The boxes were filled at the same time, till they 
contained double, the weight. which each rib must - 
bear, under the ‘supposition cof. an extraordinary 
concourse of people upon the Bridge ; and, during. 
this operation, attention was paid to ‘the are of 
figure which took place in the gr eat arc gg | 
successively sunk at the key or summit d, and rose 
towards the haunches 66, as every other body posses- 
sed of aslight degree of elasticity would have done, | 
and it returned to its former position in 1 proportion 


as the load was diminished, 


15 HISTORY 
These experiments therefore prove, first, that the 
system adopted has a degree of solidity more than 
what is necessary for the purpose for which it is 
intended, since’ the ribs upon which the experi- 
ments were tried resisted a weight twice as great 
as that which they ‘were required to bear, though 
deprived of the increase of resistance which they 
will acquire from the flooring, according to the 
_ the manner in which it will be connected with 
them ; second, that the cast metal, though sufh- 
ciently soft: to Be engraved ‘upon and pierced 
cold, in order to obtain a regular and solid combi- 
nation of the parts, has yet sufficient tenacity, not 
sensibly to change its figure, nor to. distort the 
symmetry of its form. | ; | 
Account of Bridges in Ireland, extracted from 
that interesting work, the Statistical Survey of the 
County of Londonderry, by the Rev. G. Vaucuan 
“Sampson, A. B,M.R. I. A: 323 page. - 
RRIDGE OF LONDONDERRY, 
CONSTRUCTED OF TIMBER. - ‘ 
It would be unpardonable not to mention that of 


the city of Londonderry i the first place. This 


Bridge was constructed by Lemvet Cox, of Bos- 
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ton, in North-America; it was completed in the 
space of thirteen months; in length it is one thou- — 
sand. sixty-cight feet, in breadth -forty-feet ; the 
piers consist. of oak, from fourteen to -eighteen | 
inches square, and from fourteen to fifty-eight fect 
long ; the head of each post is tenanted into = 
cap-piece, fourteen inches square,.and forty feet 
jong, supported by three sets of girths and braces : 
the piers, which are distant from each other. SIx- 
teen and a half feet, are bound. together by. thir-. 
teen string- pieces, equally divided, and transver sely 
bolted ; on the string-pieces is hid the flooring ; 
to each: side of the platform is afixed a railing, 
four and a half ‘feet high; mside railings are also | 
made to guard the foot passengers 5 twenty- ste 
| lamp- -posts are. arranged along the, sides of the | 

Bridge. - os ee : 

Between the soidie of he Bridge and the end Z 
next the city, a draw-arc has been constructed, : 
of which all the machinery is worked under the 
floor of the Bridge. The createst depth of'the 
river at low water is thirty-one feet, and the rise 
of the tide is from eight to ten feet, 324 p. . The 


construction of a Bridge over: this river had long 
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~ been a favourite object with the present Bishop of 
Derry (the Earl of Bristol), by whom, for this in. 
tent, the model of a wooden Bridge had been 
brought from Switzerland. Plans by Mr. Mitwe 
and Mr, Payne, of London, had also been under con: 
sideration for the same purpose. Mr. Cox’s bridge 
was opened for foot passengers in the latter part of © 
- the year 1790. A Bridge on the same plan has been 
constructed over the Bann, “opposite Aghgivey, by 
a Mr. Mrrcuet, of this country. 

Others, ‘somewhat on the same ‘model, but: 
diminutives, have been laid across rapid rivers, 
Where stone Bridges had often: been attempted 
without permanent success. But for such situa- 
tions, without doubt, that construction is the best, 
which is hung over the channel, without any 
"piers, which always obstruct ‘the torrent, and en- 
danger, of course; the whole Bridge. of this kind, | 
one over the Fahan, contrived under the direction 
of Mr. AcuEson, seems to be safe, solid, and not. 
without an air of neatness, and even of some picture. 
[tis hung on its own baluster, by means of braces 
and beams, the. uses of which might be better un- 


derstood. by an inspection than by a concise descrip- 


tion. 
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The Bridge of Colraine, over the Bann, is of 
wood and stone; the piers of stone; p. 325.. The 
flooring, spur-pieces ; and railing, of wood. Over 
the flooring lies a bed of gravel, and pavement over 
this. It is neither strong, elegant, nor convenient. 

Among our stone Bridges, that of Toom, erect- 
ed by the late Lord O'Neil, though it belongs 
more strictly to the county of Antrim, yet 1 is too 
usefully connected with ‘Londonderry, to be en-. 
tirely unnoticed. Suffice it, however, to ‘say, that 
it was built under-an act of Parliament, conferring 
the toll on Lord O’Nexn, and that it is an erection 
equally beautiful and solid. 

‘There is a strong and neat Bridge, lately built 
over the Roe, by Mr. Gacz, at the expense of the 
county. It consists of ‘stone piers; covered. and 
railed with timber. | aa . 

There are also several Bridges j in. and: near ar the 
city ‘of Dublin worthy ‘of remark. The « one that 


ranks first 3 in cae 1s called 


SARAU’S BRIDGE. ers 


This ies is built of white mountain eee of. 

a most firm, beautiful, and-variegated texture, witha | 

single eliptical arc, of one hundred and two feet span, 
LL — 
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On the top of the said Bridge is erected a neat and 
ornamental iron railing, set in a firm plinth and sub- 
plinth, for the protection of the foot-passengers on 
each side. Mr. ALEXANDER. STEVENS, an In-_ 
genuous mason from . Edinburgh, : completed this 
Bridge, i in the. aes one thousand seven hundred. 


| and ninety-two. 


CARLISLE BRID GE 


is soneruceed of Portland stone, has three arcs, and 


was built by the celebrated Gawpo ac Architect. 


ESSEX BRIDGE 
is constructed. of white mountain stone, has five 
arcs, and was built in the yéar one thousand seven 


hundred and ififty- three, under the direction of the | 
celebrated SEMPLE, Architect, 


QUEENS BRIDGE ~ 
is also constru cted of mountain granite , and is built, 
with three ares. These four structures, it is said, 
are alike’ distinguished for: their strength and archi- 


tectural synimetry> » 
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BRIDGES IN, GREAT: BRITAIN: | 
fn England and Wales are -many Bridges of con- 
siderable note. The triangular Bridge at Croyland 
in Lincolnshire, which was erected about the year 
eight hundred and. seventy, is said to be the most 
ancient Gothic structure remaining entire in ‘the 
kingdom. There are two circumstances in the con- 
struction of this Bridge, which render it.an object 
of great curiosity. First, it is formed by three semi- 
arcs, whose bases stand 1 in the circumference of 
one circle, at equal distances from each other. These 
unite at the top ; and the triune appearance of the 
structure has led some to Imagine ‘that it was inten- | 
ded. as an. emblem of the. Trinity. ‘Secondly, the 
ascent on each of the- semiarcs is by steps paved 

with ‘sinall stones set edgeways, and . is so. steep 
that ‘none . but foot-passengers : can 7 £0 cover -the 

Bridge a horsemen and carriages frequently “pass 
under it, as the river in that place is but shallow. 

For what purpose this Bridge was really designed, 

it is difficult, if not. impossible, to determine. ‘Util. 
‘ity, it is obvious, was one of the least motives to. 


its erection. To boldness of design, and singu. | 
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larity of construction, it has more powerful claims ; 
and these qualities it must be allowed to possess in 
as great a degree as any Bridge in Europe. Al- | 
_ though this Bridge has been erected so many cen-_ 
turies, it exhibits no marks of decay: twelve months . 
ago there were no fissures to be perceived in either - 
of the ares; and all that was missed were a mound 
and sceptre, which have been torn from a statue of 


king Eruexzerr by the ruthless hand of time. * 


“LONDON BRIDGE, 
OVER THE RIVER fae: 
This ancient Bridge was first erected with tim- 
ber in ‘the: reign of Eruzrrep, one of the Saxon 
Princes, between the years nine hundred and ninety- 
four, and one thousand and ten; it was rebuilt with 
the same sort of material in the year one thousand 
one. hhundr ed and sixty-three, but this second for- 
| ‘mation of timber not proving equal to the first in 
strength, and a considerable improvement taking | 
place in the erction of Bridges ; about thirteen years - 
afterwards, in the reign of Henry IJ, this last wood- 
en structure was taken down, and a Bridge of Port- 


* Rees’s New Cyclopedia. 
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jand stone was begun to be erected in its stead: to 
accomplish which,.a tax was haid upon wool, 
which i in the course ae time gave rise to the notion, 
among the vulgar, that .the said Bridge was built 
upon woolpacks. In the reign of King Joun, about 
the year one thousand two hundred and nine, the 
- Bridge was finished, having been thirty- three years | 
in building, at the public expense. But, although 
it was now constructed of a material much less pe- 
‘rishable than the former, yet we find that i in the reign | 
of Epwarp I, one thousand two hundred and © 
eighty-one, the: King, being informed of the ruin- 
ous condition of London Bridge, granted his letters 
patent, empowering the keeper of the said Bridge 
to receive atoll of such persons as should pass over 
it. ‘The winter following, at the breaking up of a 
severe frost, five arcs of this Bridge v were entirely 
swept away by the violence of the ice. - Since that 
period it has. undergone many alterations, repairs 
and improvements. This Bridge is erected in the 
old Gothic style, and had: twenty arcs, but two of 
these ‘having been thrown into one, in the centre, for 
the purpose of giving more water-way, there are 


now only nineteen remaining. The length of Bridge — 
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is nine hundred and thirty two feet; the height from 
Jow water mark “is forty-four feet. Formerly this 
Bridge was remarkable for the lofty houses and 
shops erected on each side of. it, which gave it So 
much . the appearance of a street, that a stranger 
scarcely knew he was crossing the river, till he dis- 
covered it by two openings near the middle; the 
whole width of Bridge from out to out of the 
houses on each side, was seventy-three feet ; but 
the street between the houses was only twenty-three 
feet wide. The narrowness of this passage hav- 
ing occasioned. the loss of many lives, from the 
number of carriages passing and repassing : likewise 
the enormous size of the. sterlings, which took up 
one-fourth ‘part of the water way, and render ed the 
fall at low water no less than five feet, having also 
occasioned fr equent and fatal accidents ; the city of 
London, i in 17 56; obtained an act’ of parliament for 
improving and “widening the passage over and 
through the Bridge. ” This -act was afterwards ex- 
plained and improved by another ; in consequence 
of which, this Bridge has now a passage of thirty- one 
feet for carriages, with a raised pavement of stone, 


seven feet broad on each side, for the use of foot- 
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passengers, and the sides are secured and adorned 
by stone balustrades, enlightened in’ the night with 
lamps. The passage though the Bridge, as. above 
remarked, is also enlarged, by throwing the’ two. 
middle arcs into one, and by other improvements ; 3 
yet: ‘London Bridge is still deemed so-unfit for its 


sation: that it’is intended to take it. down, and. to 


erect an elegant cast-iron: Bridge i in its stead: * 


WE STMINSTER BRID GE, 
OVER THE RIVER THAMES, a 

CONSTRUCTED OF PORTLAND STONE. — x 
Westminster Bridge is universally allowed to be - 
one of the finest in the world. The first: storie: of 
this noble: structure was laid on the 29th of Janua- — 
ry, one thousand. seven hundred and thirty- eight, by- 
the earl of Pembroke, and. was finished. and. opened on. 
the 17th of November, one ‘thousand seven hundred 
and fifty. It is adorned and secured on each side by a 
very lofty and noble balustrade. Over every pier isa 
recess on each side, forming a -semioctagon, and 
twelve of these are covered with ‘half domes, four.at 
each end, and four } in the middle. ) Between those i in 


~* Wonders of Nature and Art: 
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the middle are pedestals, which were intended to 
support a group of figures ; and the whole is lighted 
in the night by a great number of lamps beautifully 
disposed. This magnificent structure is one thou- 
sand two hundred. and twenty-three feet in length, 
and forty-four in breadth. The space allowed for 
passengers ‘Consiets ‘of a commodious foot-way, 
seven feet broad on-.each side, paved with broad 
moor-stone ; and the intermediate road is sufficient 
to admit the passage of three. carriages and two 
_ horses abreast. The. Bridge consists of thirteen 
large and two small arcs, with fourteen intermedi- 
ate piers. The arcs are all semicircular, and spring 
from about ° two feet above low water mark; the 
centre arc is seventy-six feet wide, and the rest de- 
: crease in width equally on each side, by four feet ; 
and the free course for the water under the arcs is 
eight hundred and seventy feet, so that there is no 
sensible fall of water. The foundation is laid on a 
firm and solid: mass of gravel, which lies at the bot- 
tom of the bed of the river, but at a much greater 
depth on the Surry, than onthe Westminster side; ° 
and this inequality of the ground required _ the 
length of the several piers to be very different, as 
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some have their foundations laid at five, and others 
at fourteen feet under the bed of the river. The 
piers are all four feet wider at their foundation than 
at the: top, and are founded on the’bottoms. of: the 
wooden cases on which they were built. “AIL the 
piers consist of solid blocks of Portland stone, ma- 
ny: of which are four or five tons weight, and none 
less than a ton, except the closers, or ‘smaller stones: 
intended for fastening the rest, one of which i is pla- 
ced between ‘every four ‘of the lar ger blocks. “It is 
computed that the value of forty thousand pounds, . 
in stone and other materials belonging to the piers 
and abutments. are always under water. ‘This mag- 
nificent structure was’ erected at the expense” of 
three hundred and. eighty-nine | thousand pounds 
‘sterling,’ defrayed by the parliament. The. caisson 
for the ‘first large pier of this Bridge | was. reckon- 
ed to. contain above one hundred | and fifty: load, 
or six thousand cubic feet of timber, and exceeded | 


in tonnage a man-of-war of forty guns.’ ee 


BL ACK-FRIARS: BRID GE, 
OVER THE RIVER THAMES, - Bay igs 
‘CONSTRUCTED OF PORTLAND STONE. 
~ Black- Friars Bridge, though less magnificent 


ve Riow’ s Architecture of Stone Bridges. 
12 
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than the former, has the advantage of much wider 
arcs and a lighter structure. The first stone of 
the north abutment was laid on the first day of No- 
vember, one thousand seven hundred and sixty, by 
‘Sir Tuomas Currry, then lord mayor, attended 
by several aldermen and. commoners of the com- 
- mittee, by his striking the stone with a mallet, and 
the officers laying ‘upon it, at. the same time, the 
city-sword and mace; several pieces of gold, silver, 
and copper coins of» king GrorcEe I, were also 
placed under the stone, with a Latin: inscription. — 
The arcs. of this Bridge, which ‘are only nine in 
number, are cliptical, and the centre arc is‘a hun- 
dred feet wide ;.those on the sides thereof decrease 
in width ina regular gradation, and: the arc “next 
the abutment at each end is seventy feet wide. It 
has an open balustrade ‘at the top, and a commodi- 
ous foot-way on-each side, with room for three car- 
riages abreast in the middle. oT he centre arc is 
exceeded by very few in the world, and is consider- 
ably larger than that of the Rialto at Venice. This 
Bridge measures one thousand one hundred feet § in 
length, and forty -two ‘feet in: breadth, and was com- 


pleted in the year one thousand seven hundred 
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and seventy ; the expense of ‘its erection is said: to 
have amounted to one hundred» and fifty-two 
thousand eight hundred and forty pounds, to be 
discharged by a toll. upon. the: passengers. ‘It is 
_ sittiated nearly at. ari équal_ distance betiveen the 
Bridges . of Westiiinster and London, and | comi- : 
tiands a delightful prospect of the river Thaines, 
from the latter to Whitehall ; 5 it also affords’ a sta- 
tion suitably distant; froin whence the intelligent 
traveller may explore the . majesty of that. incom- 
parably grand piece of Architecture, ‘St. Pavt’ s 
Cathedral. * TES igh ae, 

It_ was formerly “acai to England, among 
foreigners, that so séapital a river asthe Thames. 
should: have SO few Bridges ; ; “those of London and 
Kingston being the only two it had, from the Nore 
to the last mentioned places. for many ages. | This 
inconveniency was in some. measure owing’ to the 
deartiess of materials for. building stone. Br idges 
in those days, and also pethaps more to the fondness 
which the English had for ‘water carriage, and. the | 
preservation of navigation. - - Sitice that. period, the 


great increase of riches, cofiimerce, and inland frade 


— * Guthrie’ s Geography. . 
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has caused many extensive and elegant Bildges to. 
“be erected in different parts of the kingdom ; -and the 
world cannot parallel, for commodiousness, ar architec- 
ture and workmanship, those erected. at Westmin- 
‘ster and Black-Friars, _ Battersy, ‘Putney; Kew, | 
Richmond, Walton, and Hampton Court, have now 
Bridges over the Thames, and: many others are pro- 
jecting by the _public-spirited proprietors’ of: the 
— on each : sk same fiver 
_BRID GE av) HAMPTON. couRT. 

This is a most beautiful and picturesque struc- 

: ture : the part which’ “Spans. the river is: constructed | 
of timber, but the two. abutments: are built of stone : 
it furnishes a pleasing appearance in, perspective 
from the adjoining shores of the river. ‘The length | : 
is five hundr ed feet, and has seven . CS. The piers 
_ are cases of timber filled with stone. ms Paes of — 
- one hundred tons burthen pass through this Bridge, 
| by lowering down their masts; ‘they are most com- | 
monly dragged by. horses, which, on account of the . 
5 shallow depth of water at certain, times of the. tide, ; 
are permitted to wade up ‘the stream. - ee 


* Guthrie’s Geography. at See pate XIV? a 
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Having with hasty steps travelled over the Bridges 
of the great metropolis of England, and its environs, 
we shall now shape our course westerly to Bath and 
Bristol; and in our way glean some rich treasures 
from the luxuriant banks of the Thames and Avon, 
which are no less celebrated for works of art than 
for natural beauties. These might afford ample 


materials for our pen; but our limits forbid: that 


we linger long on scenes over which Remem-. 


brance never tires. We must therefore proceed, 
without wandering to pluck the rich flowers which, 


in the course. of our journey, will so frequently 


present themselves ; and as we leave the gold-» 


en. vision, look back with fond regret, and say, 


farewell 


Ye distant spires, ye antique towers, 

That crown the watery glade, _ 

‘Where grateful Science still adores 

‘ ‘Her Royal Patron’s shade; 

And ye, that from the stately brow 

Of Windsor’s height th’ expanse below, 
_Of grove, of lawn, of mead survey, be 

Whose turf, whose shade, whose flowers among 
Wanders the hoary Thames along 

His silver winding way.* 
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As wé trace the circuitous banks of this river; 


we find, at about twenty-four iniles distant from. 
London, 


ETON BRIDGE, 


a structure of little beauty or consequence. "But a 
- few miles further-up the river we meet with one of 
adifferent character, over which passes the turhpike 
road from London to Bristol: it is constructed all 
of stone, with five arcs, and i isa truly valuablé and ; 


handsome erection. ‘This is called” 
MAL coe EAD BRIDGE. 
As we pass on, fourteen miles further, we attive at 
HENLEY BRIDGE,. 
which is erected-of soundstone and forms a. pleasing 


facade. We now: follow the winding stream for 


ten miles more and — 
2 CAV ERSHAM ‘BRID GE. 
appears. This structure is of wood. 


There are three other Bridges over the Thames ; 


before we arrive at thé source of the river; one at 
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Whitechapel, another near Wallingford, and an 


other at Dorchester; but neither of them merit 
2 particular description. 

We shall now take a leap from the head of the 
Thames to the banks of ‘the Avon; and first 
notice that the river Avon, though inferior to the 
Thames, is one of the most notable, useful, and cu- 
rious rivers in England. As the Thames hath on its 
banks the two finest cities of the East, London and 
Westminster, so the Avon hath on hers the two best 
and. largest cities of the West: Bristol, the capital 
Kay and Mart of the country ; and Bath, the most 
2legant city in the kingdom, wathout exception, — 
This river rises in the northern limits of Wiltshire, 
and runs on the West of Bredon Forest (accord- 
ing to Camden) to Malmsbury, where it receives 
another stream, which rises at Tetbury, in. Gloces- 
tershire, and nearly encircles the town of Malmsbu- 
ry; thence to Dantsey, six miles from which it re- 
ceives a stream that runs through Caln, and grows 
considerably on to Chippenham, where it hath a 
a Bridge of sixteen arcs over it: thence it flows to 
Melksham; and having received a, river that rises 


near the Devizes, and a brook called Baron’s brook - 
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thus. increased, goes through the middle of Brad- 
ford, under a Bridge of eight arcs. ‘The-author of 
the tour through Britain observes in vol. ii, p. 31: 
“The rivet Avon, a noble and large fresh river, 
branches itself. into. many | parts, and receiving al- 
most all ‘the rivers -on.this side of the hill; waters. 
the “whole fruitful. vale : and the water of this river 
is particularly qualified for dying the best colours, 
and for fulling and dressing ‘the cloth; so that the 
clothiers generally: plant themselves on this river ;. 
but especially the dyers, as at Trowbridge and. Brad- 
ford,’ -which ‘are the two most eminent clothing 
_ towns in that part of the vale, for the making Span- 
‘ish. cloths, -and forthe -nicest* mixtures.” -From 
Bradford it leaves Wilts and enters Somerset ; then 
receiving the Froom from Froom-Selwood, and an- 
other river, it comes towards Bath. Here it runs 
_through:a fruitful yale, bounded ‘on each side by 
lofty and magnificent hills; whence. the ‘subjacent : 
prospect of the country, the Serpentine river, the 
fair beautiful buildings of Bath, and its sublime and 
venerable Cathedral, are. quite enchanting. - Here it 
runs under two elegant Bridges ; the first has three 


equal arcs, with shops and houses on it, handsomely — 
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constructed ; and the other has five arcs, with a 
balustrade of stone on each side: | 
On the western side of this Bridge isthe Kay of 
Bath ; whence the river is navigable to Bristol ; so 
that Bath is a proper inland port. Barges that have 
one mast and sail, atid carry from forty to one hun. 
dred and twenty tons, bring heavy goods from Bris- 
tol; iron, copper, wine, deals, and many other arti- 
cles ; and generally return laden with large blocks 
of freestone, the use of which is increasing here. 
The river, though quite fresh, is deep, of a good 
width ; beautifully winds on towards Bristol, in an 
exquisitely delightful and happy vale; between ver- 
dant hills, rural scenes and villages; and swarms 
with fine fish; trout, roach, dace, perch, eels, and 
others. About tivo miles ‘anda half from Bath, it 
runs under a noble Bridge of stone of several arcs, 
the principal of which is one hundred feet in dia-— 
meter, and for height and expansion seems to rival 
the Rialto at Venice. A little farther on is a lofty 
eminence, beautifully impending over its northern 
back; ..on which ate pleasantly situated the ele- 
gant mansion and park of Sir Casar Hawxxn s, 
Bart. Seven miles from Bristol, between Saltford 
13 
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and Bitton, at Swineford, it becomes the boundary 
between Glocestershire and Somerset, and .so con- 
tinues till it falls into the Bristol channel. On the | 
eastern side of the town of Keynsham, it receives 
the river Chew, over which is a Bridge on the Bath 
-yoad; and below the Bridge are consider able mills 


and manufactories for coppers 


‘REYNSHAM BRIDGE, 


has nine arcs over the Avon, a near itis a lock, 
to facilitate ‘the navigation to Bath: at the highest _ 
| tides the salt sea flows up to this town. At Bris- 
lington, the Avon receives another stream ; and flow- 
“ing on by two works for smelting copper at Crew’s- 
hole, it enters the eastern suburbs of Bristol, be- 
tween the elasshouses, iron-foundries, distilleries, 
breweries, and su garhouses ; goes on to the city, 
and runs under. ‘its ast and most eminent Bridge. 
~ Here the “Avon is clear and shallow at low water, 

deep ‘and ‘muddy at high water; but one of the 

deepest, safest, and most convenient for navigation 
in England. It is two: hundred. feet wide at the . 
Bridge ; at high tides it” rises from. twenty-five to 
thirty feet perpendicularly, exceeding the Thames 


ats 
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in depth, which seldom rises more than fifteen feet, 
often overflows the Kay, has an agreeable effect 
when full, renders the port very pleasant, and will 
waft the largest merchant-ships, and even ships of 
war, up to the Bridge, in the heart of the city. This 
river has large banks of mud down to its mouth, 
in the soft beds of which the ships lie securely at 
Jow water; and it yields some salmon, shad, plaice, 
flounders, sand-dabs, plenty of eels, and immense 
quantities of elvers. | 
The two greatest churches of Bristol were so situ- 
ated by our ancestors as to be eminently conspicu- 
ous from its port. Below Redcliff, at the Kay, is 
the mouth of the river Froom; below which, on 
each side of the water, are delectable views of Bris. 
tol, Clifton, and the Somerset hills, down to Rown- 
ham Ferry, a mile farther, where the river at high | 
water is three hundred feet broad, and the tide rises 
thirty-two feet. Here it begins to flow between 
two rising hills, Clifton and Rownham, the former 
adorned with elegant piles of building, and the latter 
with trees-and verdure. Beyond the hot-well-house 
commence the lofty rocks of St. ‘Vincent, between 


which the river has a winding course of about twe 
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miles. — The height of those rocks (about three hun: 
dred feet), the stupendous manner. ia which they 
areleftby Divine Power to let the water pass through, : 
some being nearly perpendicular, others impending, _ 
some bare and. cragey, and others covered with 
trees. up to the summit, afford scenes which perhaps 
England carinot parallel, and which richly ‘merit the 
imitative powers of the painter, and the skill of the 
engraver. The shores are elevated and beautiful 
down to Hungroad; a safe harbour for large ships, 
and where some are unloaded into lighters, Below 
this is Pill, a sort of port-town for the habitation of 
| pilots and others; © ‘Here the river is. about five hun- 
dred. feet wide, and. the tide rises forty feet: at least, 
From Pill, ‘it flows through a. level ‘country for 
about three miles, to its mouth m_ the Severn sea, 
eight miles below Bristol. Here is Kingroad, whence. 
the ships take their, ‘departure, w which is. reckoned. a 
good open harbour, with safe. anchorage. 

~The river Froom, rises at. Doddington and Range- | 
worthy, not far from. Tetbury in Glocestershire ; $ 
and, running through Acton, ‘Winterbourne, Ham; 
brook, and Stapletown, through Babtist-mills, enters : 
Bristol at Froom. Bridge, and goes all through the 
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city.. Before the present Kay was formed and built, 
in one thousand two hundred and forty-seven, the 


Froom ran from — 


| FROOM BRIDGE, 
through the site of the present Baldwin-street, be- 
neath the walls, and emptied itself into the Avon un- 
der St. Nicholas’s church. | 

The Kay of Bristol is upwards of a mile in ex- 


tent, or circuit, reaching from 


ST. GILE. $°S BRIDGE, 
down to the mouth of the Froom, and up the Avon 
to Bristol Bridge; being one uninterrupted spa- 
cious wharf, of hewn stone, haying sufficient depth 
of water before it for. ships of the greatest burden, 
and fully laden to come up close to the walls, and 
discharge their cargoes. It has different names, as the 
head of the Kay, Tontine-Kay, Broad-Kay, Gibb, 
Mud-Dock, the Grove, and the Back. At this 
Kay lie safely, on a soft bed of mud, a considera- 
ble number of ships at all times of the year, which 
make a pleasing appearance ; and the large quanti- 


ties of different merchandize seen on the wharfs, 
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prove the very great: trade of the port of Bristol 
wn. s. The word Quai, from the-non-usage of K 
The word. Kay is derived from Welch-Gallic anc 
Trish, signifies to enclose, or fence: hence Cahir, 
Caér, a walled place, town, &c. 

On the western side-of the Mud-Dock is the great 
Crane erected on fourteen pillars cased with iron, 
by the ingenious Mr. PapMmoreE; a curious piece 
of mechanism, and worthy of observation. - Cranes 
of the same. internal_ construction are erected in 
proper. situations. for loading and unloading, which 
are all numbered, for the more readily finding the 
subjacent vessels. | “ : 

Some merchants of Bristol. have for many years 
had it in contemplation to keep the water up, and 
the vessels constantly afloat in both rivers, by dam- 
ming the Avon,- at the Redcliff, above the hot-wells. 
Several plans for this purpose have ‘been proposed, 

and one is now adopted, _ ‘And if this scheme can 
be executed, -without any inconvenient delay- in the 
, passage of - ships. and boats, by lock. or ice in’ win- 
ter, or danger of muddy sediments that might tend 
to fill up the channels, it will be a most Important 


and desirable improvement. The plenitude of the 
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rivers will afford safe riding for the ships, render 
the maritime parts of the town extremely pleasant, 
and facilitate the passage of boats and barges up 
the river towards Keynsham and Bath. The 
objections . of stench -and infection are utterly 
nugatory. The rivers of Bath, Exeter, and many 
other places, are dammed up without offence or com- 
plaint,- which cannot be occasioned here, as the riv- 
er will be ever in motion. To all other advantages 
will be added a communication between - Clifton 
and Ashton parishes, and the counties of Somerset 
and Glocester. | 7 

On the banks of both rivers are several dock- 
yards, and dry and floating docks for building and 
repairing the ships. There are two or three by the 
Froom, besides the various docks at Wapping by 
the Avon, where is also a spacious wet-dock. with 
double gates, lately built to keep ships constantly 
afloat. . Below these, beyond Limekiln-dock,. to: 
wards the Hot-wells, is a large floating-dock, that 
will contain forty sail of stout ships deeply laden, 
and which in January, one thousand seven hundred. 
and sixty-nine, received a. sixty-four gun- ship with 
ease through its gates. Here are also other docks : 


104 HISTORY 
a dry-dock, that will hold-a seventy-four gun-ship ; - 
and dock-yards, where have been built several ships 
of war for government. At all these places ship: 
building and repairing are carried on with great spirit, 
skill and: industry. There was a spacious dock | 
lower down the river at Sea-ntills, but it has ss long | 
been disused, and is now in ruins. e 
We have now to remark’ that. there “was a 
Bridge over the Avon in one thousand'one hundred 
and_ seventy-three, . which was probably of wood ; 
for in one thousand seven hundred and sixty-se- 
ven, when the workmen perforated the old. piers, to 
try if they were fit to support the new Bridge, 
they found in the middle of Redeliff-pier, a cill of 
oak, about a foot square and. forty feet long, with 
two uprights near each end, about nine inches square 
and nine feet high, miorticed into the cill, ‘which 
they concluded to be the remains of the old: wood. 
en Bridge, walled up into’ the pier, to prevent the 
trouble of-taking them ‘out. The old Bridge of 
stone’ had four Gothic ares, lofty houses on’ each 
‘side, and a gateway in the middle, with a chapel 
over its; was built in one ‘thousand two hundred and 


forty-seven, and was five hundred and fourteen 
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years old when it was taken down in one thousand 


seven hundred and sixty-one. The present 


BRISTOL BRIDGE 

was opened in onethousand seven hundred and sixty- 
eight ;_ was built of hewn stone brought from Court- 
field in Monmouthshire ; consists of three arcs : the 
centre arc is eliptical, and of fifty-five feet span ; the 
side arcs are semicircular, and of forty feet each.— 
The piers are forty-two feet long and ten thick. On 
each side is a balustrade of Portland-stone, six feet 
high, and a raised way for foot-passengers, defend- 
ed by small _iron pillars and chains: at each end 
are two buildings of stone for Toll-houses, now 
converted into shops. The Bridge presents an agree- 
able prospect of Bridge-street buildings, St. Ni- 
cholas’s church, part of the river, and vessels lying 
at the Kay, called the Back. This j is the only eedee 
over the Avon at Bristol. | | 

The lowest Bridge over the Bisons has two arcs 
of stone, and (as it crosses the Kay) a Drawbridge . 
to admit coasting yessels and Severn trows to pass 
through it. It is raised by a curious subterranean 
mechanical contrivance of iron wheels, with eogs ; 

14. 
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and requires only two people, one on éach side, to ele- 
vate it. There is a little octagon house at each end 
of this Bridge, from which the masts of the ships 
appear as thick as trecs In a forest. a The next 
Bridge over this river, is St. Giles’s, at the lead of 
the Kay, which shas two arcs of stone ; as also has 
~ Froom Bridge, just above, and to: this day encum- 

_ bered with pouses on each side. . Then follow 
ST. JOHN’S BRIDGE, 

. BRIDEWELL BRIDGE, 

s N EEDLESS. ‘BRID GE, 
PITHAY BRIDGE, 
UNION BRIDGE, | 

MERCHANTS BRIDGE, 
- ~PHILADELPHIA BRIDGE, 
= 4 ELL BRIDGE, AND 
PENN'S BRIDG E 


_ AIL one- aeched! Bridges of stone, of various’ di- 
mensions. So that over this little but useful river, 
which drives several mills, there. are no less than 
twelve Bridges of stone and f four” of wood, in the 


city and suburbs 
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“Blenheim is a country palace of the Marlborough 
family, near Woodstock, eight miles from the Uni- 


versity of Oxford, 


THE BRIDGE AT BLENHEIM 
is built over a spacious canal in the park; and con- 
sists of three arcs; the chief of which spans one 
hundred and two feet six inches ;: and is constructed 
of beautiful stone. It is impossible to give a com- 
petent idea of the effect produced on the mind by 
the view of this Bridge as we enter Blenheim park 
from the town of Woodstock. After passing for 
several hundred yards through an inclosed walk, 
the traveller is struck with amazement, as the porter 
at the park gate admits him to a sudden prospect 
of the surrounding scenery. To the left rises, in 
ajestic show, the magnificent domes of the palace. | 
To the right stretches the extensive ‘canal at the 
foot of verdant slopes, which nature must have. 
formed in her choicest mood, , | 
The Bridge, with fairy sweep, directs the view 
to the Obelisk, erected to the memory of Cuurcu-, 
ILL, the celebrated, warrior, and the first duke of 


Marlborough ; whilst at intervals the eye is rega- 
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led with a richness of foliage and grandeur of pay- 
sage, which to describe chastely might expose us 
from some to the accusation of dealing in romance 
and deception. = | 
Blenheim ‘was built for CHURCHILL ’ and a do- 
main of sixty miles i in circumference ceded to him 
_ by the Queen and parliament, as a small part of 
~ their acknowledgment of his services as comman- 
-der-in-chief of the allies, in the war of the Low 
Countries. against ‘Lewis XIV. The palace re- 
ceives the name of Blenheim, from the signal. vic- 
tory he obtained over the epeny at a be of that 


name, 


THE BRIDGE OF ST. MARY MAGDALEN, 


OVER THE ISIS AT OXFORD, 


is one of the handsomest structures of the kind in 
‘England: © It is built of Heddington: stone, of un- 
“common whiteness, ~ The balustrades are of the 
same material as the Bridge, exquisitely wrought and 
| corresponding with the elegance which distinguish- | 
es Oxford from almost every other city. A beau- 
tiful model of this Bridge, in ivory, is Gepost in 
“the picture-gallery of the Univer any: 
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THE BRIDGE AT ROCHESTER 
is built somewhat like unto London Bridge, 
and is five hundred and fifty feet long, by thirty 
feet wide, has eleven arcs, with ten piers and the 
two abutments, all of stone. Se *, 

The late Bridge at Newcastle-upon-Tyne, was 
likewise a model of London Bridge, and was built 
of stone ; but in the year one thousand. seven hun- 
dred and seventy-one, this Bridge was carried away 
by a great flood, through the breaking up of the arcs 
for want of sufficient space for the water to pass.* 


BRIDGE AT BURTON, 
“OVER THE RIVER TRENT. 

The Trent rises in the Moorlands of Stafford. 
shire, and running south-east by Newcastle-under- 
‘Line, divides that country into two parts ; then 
turning north-east on the confines of Derbyshire, 
visits Nottingham, running the whole length of that 
county to Lincolnshire, and being joined by the 
Quse and several other rivers towards the mouth, 
obtains the name of the Humber,. falling into the 
sea, south-east of Hull.* 7 


* Guthrie’s Geography. 
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The longest Bridge in’ England is ‘that over . 
the Trent, at Burton, built by Bernarp Azpor, : 
of Burton, in the twelfth century. It is all of squared . | 
freestone, and is very strong. The length of the - 
Bridge is fifteen hundred and forty-five feet, having - 
thirty-four arcs. : The piers are lofty and well exe- 


Guted. 6 tg ei deen eee, et 


IRON BRIDGES. 


Tron being. the most abundant, eis, and gen- 
erally the most useful of. all metals, has of late-been 
employed i in many works where great strength was 
required, in proportion to the weight of the material : 
hence cylinders, beams, and pumps for steam-en-. 
_ gines, boats, and barges for canals: and - navigable _ 
rivers, pillars for warehouses and other large build- 
ings, and at Jength Bridges, have been: constructed. 
of Iron. res | 
| _ Iron Bridges a are ‘the exclusive Invention of Bat 
ish artists. The first that has been erected ona large 
scale is that over the: river Severn, at Coalbrook. 


dale, i in Shropshire. 


ee 


* Dr. Rees’s New Cyclopzedia. _ 
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COALBROOK DALE BRIDGE. 


This Bridge is composed of five ribs, and each 
rib of three concentric ares, connected together by 
radiating pieces, The interior arc forms a complete 
semicircle, but the others extend only to the cills 
under the road-way. These arcs pass through an 
upright frame of iron at each end, which serves as 
a guide; and the small space in the haunches, be- 
tween the frame and the outer arc, is filled in with 
a ring of about seven feet. diameter. Upon the 
top of the ribs are laid cast-iron plates, which 
sustain. the road-way. The arc of this Bridge is 
-ene hundred feet six inches in span; the archivolt, 
rings or interior circles, are cast in two pieces, each 
piece being seventy-two feet in length. ~ Tt was 
constructed in the year one thousand seven hundred 
and seventy-nine, by Mr. Apranam D ARBY, iron- 
master at Coalbrook dale, and must be. considered 
as avery bold effort in the first instance of adopting 
a new material. The total ‘weight of the metal is 


‘three hundred and seventy eight tons and a half.* 


_ * Dr. Rees’s New Cyclopedia. 
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WEA R MO U 0H, BRID GE, oy 
. | (CONSTRUCTED ‘OF CAST: TRON. : 
The second i iron n Bridge of j importance, ereoted i im : 
Great Britain, ‘was that over-the river. Wear, « at | 
: Bishop Wearmouth, near ‘Sunderland, the chief | pro- 
jector of which. -was Rowland Burdon, Esq. MP. 


As this is “the most considerable ' structure of the he 


_ kind, it may be proper to give a brief sketch of ‘its 
history. In consequence ‘of theincreasing trade. and” 
population of: ‘Sunderland and the. two. Wearmouths, S 
the ancient ferry, which was. almost i in the: middle of a 
the harbour, had become very insufficient: and un- 
-safe, so that, “besides frequent delays and disap-" 
pointments, s several ‘instances had occurred of the: 
loss of lives, 


About the: year one thousand seven hundred and A 


ninety, in which Mr. Burdon. was: returned to. par: Bo 


liament by the county, of. Durham, some gentlemen Se 


interested i in- the. welfare of the town and neighbour. - 
hood of Sunderland, ‘united ‘for the. purpose of res aa 
moving the evils arisirig- “from the. ferry, and Mr. a 
Burdon was appointed one of the committed, « : Con- 


ceiving at first that < a 1 stone ne Bridge would: be prope ery ee 
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they began to adopt measures for its erection. An 
Architect was chosen to carry on the necessary 
works, who in due time produced plans, estimates, 
and a model of the intended edifice. But as the 
work was of considerable magnitude and impor- 
tance, it was thought expedient to refer the design 
to the opinion of some gentlemen of celebrity for | 
scientific and practical knowledge in and near the 
metropolis; their report being unfavorable, the 
scheme of erecting a stone Bridge was abandoned. 
The committee, however, being now warmly enga- 
ged in the business, continued to prosecute their en- 
quiries ; and Mr. Burbon in particular being fre- 
quently called by his parliamentary duty to Lon- 
don, was very diligent in his endeavours to obtain 
information and hints, from various quarters, as to 

the peculiar advantages and disadvantages of differ- 
ent matetials, as well as of various modes of con- . 
struction. Mr. Burpon-had the good fortune to 
be assisted in the maturing of his plans by Mr. : 
Tuomas Wiuson, a truly ingenious man, and. at 
the same time to Jearn much of the construction of 
iron Bridges from Messrs. Waxes, of Rother- 
ham, so that at length he “became persuaded | that _ 

5 
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iron would be the most proper material of which to 
form the ‘proposed Bridge. He thought it best, 
| however, to adhere to the ancient construction, by 
‘dividing the are. into portions, in the manner. of 
arc stones, and taking advantage of the ductility. 
and tenacity of ‘iron to produce-an.arc of that metal 
vat least. fifteen times lighter than a corresponding 
arc of. stone, and capable of being put together up- 
on an ordinary scaffolding, instead of an accurate 
cintre, ina much shorter space. of time. 
se Mr. Wi SON, ine ‘conjunction with. Messts. 
Warerns, constructed and set up an experimen. 
tal rib at Rotherham, which being found to;answer 
expectation, the. ‘success of the: experiment was 
communicated by. Mr. Burpow to the town of Sun- 
= derland and the county ; ; and his proposition for the 
; erection of an. iron Bridge was. acceded to. The 
: ‘first stone ‘was. lid, in September, seventeen hun- 
~~ dred and ninety-three and. Mr. ‘Witson ‘was ap- 
‘pointed to the superintendance- of the wor eon 2 >The 
tron-work y was cast by Messrs. WaLKERs : of Roth- 
erham, and the arc. was. ‘turned upon a very light 
but firm scaffolding, so judiciously constructed that 


not. een interruption was given to the passage of 
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the numerous vessels which navigate the busy riv- 
er of Sunderland. The mode of bracing the 
ribs was so simple and expeditious, ‘that the whole 
was put together and thrown over the river in ten 
days; the scaffolding was immediately renoved, 
and the Bridge opened for general use, on the ninth 
day of August, seventeen hundred and ninety SIX. 
During the period occupied in erecting the 
Bridge, Mr. Burpow took out a patent to secure 
the invention of “‘a certain mode or manner of ma- 
king, uniting and applying cast-iron blocks to be‘sub- 
stituted in lieu of keystones, in the construction of 
arcs.” He thus proceeds to describe his invention, 
which ‘consists in applying iron or other metalic 
compositions to the purpose of constructing arcs up- 
on the same principle as stone is now employed, by 
a subdivision into blocks easily portable, answering 
to the keystones of a common arc, which being 
brought to bear on each other, gives them all the 
firmness of the solid stone arc, whilst, by the ereat 
yacuities in the blocks, and their respective distan- 
ces in their lateral position, the arc becomes much 
lighter than that of stone, and by the tenacity of the 


metal the parts are so intimately connected that the 
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accurate calculation of the extrados and intrados, se 
necessary: in stone arcs of magnitude, is is rendered of: 
much less consequence, a | 
The Bridge consists ofa single arc, whose span is - 
two hundred and thirty- six feet; and asthe spring-' 
ing-stones at éach ‘side project’ ‘two feet, the whole | 
opening is two hundred: and forty-feet.” “The arc is. 
a segment of a circle of about four hundred and for-" 
ty-four feet diameter; ; ‘its versed sine 1s ‘thirty-four 
feet, and the ‘whole height from low water about one 
| hundred feet, admitting vessels of from: two to three 
hundred ‘tons burthen’ to pass under, without stri- 


king. their masts. A series of oné hundred and five 


3 blocks form a tib 5 and: six of these ribs compose 


the breadth of the Bridge. The ‘spandrels, or the 
spaces between the are: and the road-way, are filled 

up by cast- Aron circles, which touch the outer cir- - 
cumference of the are, and at the same’ time support 
the road-way, ‘thus | gradually diminishing from the 
: abutments towards the centre of the Bridge.’ There 
are also diagonal iron-bars, which: are laid onthe | 
tops of the Tibs, and. extended to the abutments, to 
keep the: ribs. from twisting. - The superstructure is 


a strong frame. of timber planked_ ‘over to support 
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the carriage-road, which is composed of marl, lime- 
stone and gravel, with a cement of tar and. chalk im- 
mediately upon the planks, to preserve them, The 
whole width of the Bridge is thirty-two feet, The 
abutments are masses of almost solid masonry, 
twenty-four feet in thickness, forty-two in breadth 
at bottom, and thirty-seven at top. The south pier 
is founded on the solid rock, and rises from about 
twenty-two feet above the bed of the river. On the 
north. side, the ground was not so favourable; 
so that it was necessary to carry the foundation ten 
feet below the bed. The weight of the iron in this 
extraordinary fabric amounts to two hundred and 
sixty tons; forty-six of these are malleable, and two 
hundred and fourteen cast. The entire expense for 
it was twenty seven thousand pounds. 

- From this account of the Bridge, across the Wear, 
the attentive reader will see much to admire in its. 
construction. It is not, however, totally free from 
defects. We conceive that the spandrels are very 
improperly filled up. It is true that it is done in 
such a manner as is exceedingly light and | pleasing 
to the eye; but the iron hoops may, we think, be ea- 


sily compressed at the points of contact, and chang- 
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ing their shape will oppose very little resistance. 
As the arc forms so small a portion of a‘circle (about 
sixty-four degrees and three quartets), the weight at 
the spring of the arc need not, according to the 
theory of equilibration, be’ double to’ that at the 
crown,’.to . support, without | danger of ‘rising, any 
pressure derived from the mass of the structure it- 
- self: but, in so flat and light’an arc, an overload on 
any part must have.a great tendency to bend it; and 
consequently tend considerably to break: it, ata dis- 
tant part, with all the energy of'a long lever. We 
think, therefore, that a better form might have’ been 
adopted than what. has been put in practices at “Wear. 
mouth Bridge: ; he 


, BRID GES AT. BRIST OL, 

oe oF CAST-IRON, 
| ‘There are also two elegant 6 cast-iron Bridges late- 
rs erected over the New: Cut; for the improvement of 
the harbour of Bristol by” float.» The span of ‘the 
arch of each Bridge is one’ “hundred feet, by thirty 
feet: high. | These. were built under the direction of - 
Wu. J ESSUP, Esq. engineer, and. are ‘admirable 


for their simplicity of construction and strength, 
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A BRIDGE OVER THE SEVERN, 
CONSTRUCTED OF CAST-IRON. 

_ Another iron Bridge is that over the Severn at 
Buildwas, about two miles above Coalbrook Dale. 
An old stone Bridge, of three narrow arcs, having 
been carried away by a high flood in one thousand 
seven hundred and ninety-five, the present iron. 
Bridge was planned and built by the Coalbrook 
Dale company, under the superintendance of Mr. 
Tuomas Texrorp, the county surveyor, in one 
thousand seven hundred and ninety-six. Tt -con- 
sists of a single arc, one hundred and thirty. feet 
in span; the rise, from the springing to the sof. 
fit being twenty-seven feet; and.as it was thought 
necessary to keep the road-way as low as possible, 
the outside ribs are made to go up as high as the. | 
railing : they are connected with the ribs that bear 
the covering plates, by means of pieces of iron 
dovetailed in the form of king-posts. © "The 
plates which compose the covering over the lower 
ribs are cast with deep flaunches ; they are laid close 
to each other, and form an arc of themselves. ‘These 


side ribs, or arcs, would have added much more to 
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the strength. of the Bridge than they now do, had 
the materials been of a substance that would not ex- 
pand or contract : but-that not being the case, they, 


in warm weather, when they expand, rather tend to 


derange the other parts of the Bridge than, strength- 
en them; and the: sappeatarice of the whole i is wee no 


means pleasing. 


| BRIDGES OF CAST-IRON, 
OVER: THE, RIVERS. PARROT, AND THAMES... 


The splendid exatriple of the Bridge at Wear- 


@nouth gave an’ ‘impulse to public taste; and caused _ 


an -emulation among artists, which has produced 


"many examples and more projects of iron Bridges. 


‘The Coalbrook Dale Company have constructed 


several, “among. which. is a “very neat one, over the 


river Parrot, at Bridgewater. Mr. Wixson, the 
engineer, employed by Mr. Bur Don, has also built 


several, and has Jately finished a very. elegant one 


over the river ‘Thames at Staines, which is by far 


the most complete in design, a's well as the’ best exe-" 


cuted of any that has-hitherto been erected. This: 
| Bridge consists of a single | arc, one hundred. and — 


eighty-one feet in span, and sixteen feet SIX inches i in 


\ 
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rise; being a segment of a circle of four hundred 
and eighty feet. The blocks, of which the ribs are 
composed, are similar to those in the Wearmouth 
Bridge, except that these have only two concentric 
arcs instead of three, as at the latter. The arcs are cast 
hollow, and the blocks connected by means of -dow- 
els and keys ; thus obviating the great defect obser- 
ved at Wearmouth, of having so much hammered 
iron exposed to the action of the air. Four ribs 
form the width of the arc, which are connected to- 
gether by cross frames. ‘The spandrels are filled 
in with circles, which support a covering of iron 
plates an inch thick: on this is laid the road- “way, 
twenty-seven feet wide. Two hundred and seventy 
tons are the weight of the iron employed in the 
Bridge, and three hundred and thirty of the road- 
| way. | 

A B RID GE 0 eon THE TAFE, 

CONSTRUCTED OF STONE. 

But the most extraordinary y Bridge in Great 
Britain is, doubtless, the one over the river Taf, 
near Lilantrissent, in Glamorganshire, called in 
Welch Pont y ty Prydd. This is the work of 
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Wiztram Epwarps, an uneducated mason of 
the country, who was only indebted for his skill to 
his own industry and the power of his genius.— 
He had engaged, in one thousand seven hundred. 
and forty-six, to build a new Bridge at this place, 
which he executed. in a-style superior-to any thing 
of the kindsin this or any other part of Wales, for 
neatness of workmanship and elegance of design.— 
Tt consisted of three arcs, elegantly light in their 
construction. The hewn stones. were excellently 
well dressed and closely jointed. . It was admired 
by all who saw ee But this river runs through a 
very deep vale that is more than usually woody, and 
crowded about with mountains. It is also to. be 
| considered that many other rivers, of no mean Ca- 
pacity, as the Crue, the Bargoed Taff, and the Cun- 
no, besides almost numberless brooks, that run 
through long, deep, and well- wooded vales, or glens, 

fall into the Taff in its progress. The descents i in- 
to these vales from. the mountains being i m general 
very: steep, the water, in long and heavy rains, col- 
lects into these rivers with great 1 apidity and force, 

‘raising floods that, in their description, would appear 


absolutely incredible to the inhabitants of open and 


OF BRIDGES. 128 


flat countries, where the rivers are neither so precip- 
itate in their courses, nor have such hills on each 
side to swell them with their torrents. _ Such a 
flood unfortunately occurred after the completion of 
this undertaking, which tore up the largest trees by 
the roots, and carried them down the river to the 
Bridge, where the arcs were not sufficiently wide to 
admit of their passage. Here, therefore, they were 
detained. Brushwood, weeds, hay, straw, and 
whatever lay in the way of the flood, came down, 
and collected about the branches of the trees, that 
stuck fast in the arcs, and choaked the free current 
of the water. In consequence of ‘this obstruction 
to the flood, a thick and strong dam, as it were, was 
thus formed. The aggregate of so many collected 
streams being unable to get any further, rose here 
_ toa prodigious height, and with the force of its 
pressure carried the Bridge entirely away before it. 
Wiitiam Epwarops had given security for the 
stability of the Bridge during the space of seven 
years ; and of course he was obliged to erect anoth- 
er; and he proceeded on his duty with all possible 
speed. The Bridge had only stood about two years 


and a half. The second Bridge was of one arc, for 
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the purpose of admitting freely under it, whatever in- 
_~cumbrances the floods might bring down... The span 
or chord of this arc was one hundred and forty feet, 
its altitude thirty-five feet, by a segment of a circle 
whose diameter was one hundred and seventy feet. 
The arc was. finished, ‘but the parapets not yet ere- 
ted; when such was the pressure of the unavoidable 
ponderous work over the haunches, that it sprung 
in the middle, and the keystones were forced out. 
This was a severe blow to a man who had hitherto 
met with nothing. but misfortune im an enterprize 
* which was to establish or ruin him in his profession. 
Wariram Epwarps, however, possessed a cour- 
age which did not easily forsake him ; he engaged 
‘Inita third time, and by means of cylindrical holes 
through the haunches, so reduced their weight, that 
there. was no longer any | danger from it. - The se- 
cond Br idge fell in one thousand seven hundred 
and fifty-one ; the third, which has stood ¢ ever since, 
| was completed i in one thousand seven hundred and 
fifty-five.” (Mr. Maxxin’ s tour in South Wales). 
T he ‘present: arc: is one hundred and forty. feet i in 
span, and thirty-five feet, high, being a segment of 


‘acircle of one hundred and seventy-five feet diame- 
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ter. In each haunch there are three cylindrical 
openings running through from side to side; the 
diameter of the lowest is nine feet, of the next six 
feet, and of the uppermost three feet. The width 
of the Bridge is about eleven feet. To strengthen 
it horizontally, it is made widest at the abutments, 
from which it contracts towards the centre by sev- 
en offsets, so that the road-way is one foot nine in- 
ches wider at the extremities, than at the middle.* 
A BRIDGE OVER THE PEATHS, 
CONSTRUCTED OF STONE. 

The Bridge over the Pease, or rather Peaths, on 
the road from Dunbar to Berwick upon Tweed, is 
rather an uncommon structure. This Bridge cros- 
ses a deep ravine called the Peaths. | It consists of 
four semicircular arcs. ‘That at the east side of the 
ravine is fifty four feet span; the second fifty-five 
feet; the ‘third fifty-two feet, and the further or 
western are forty-eight feet. The height of the 
Bridge, from the bottom of the ravine to the sur- 
face of the road, 1s one hundred and twenty-four 
feet. : The situation is beautiful, and has a most fa. 


mantic appearance. “It was designed and built by 


* Dr, Rees’s New Cyclopedia. 
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the late Mr. Davin Henperson, architect in 


Edinburgh,’ and does him considerable credit.* 
ABR IDGE OVE R THE LUNE, _ 
_ CONSTRUCTED OF STONE.- 


~The aqueduct Bridge, constructed by Mr. Rew- 
NIE on the river Lune at Lancaster, is one of the 
most magnificent works of the kind which has been 
erected for the purposes of navigation. At the place 
where it is built'the water is deep: and the bottom. 
bad. “It consists | of five arcs of seventy. feet span 
each, and about thirty-nine feet above the surface of 
the water. It has a handsome corpice, and every 
part of it highly finished. . The foundations are laid 
at the depth of twenty feet under the surface of the 
water, and stand: on a flooring of timber, support- 
ed by piles.’ _ The foundation alone cost fifteen thou- 
. sand pounds. . The superstructure cost above twice 
that sum, although the stone was found within about 
a mile and a half of the place where ‘the “aqueduct 
‘was. built. Barges of. sixty” tons burthen ’ ‘navigate | 
the canal. _'The total height from’ the surface of the 
-Yiver to » the, surface of the canal is fifty- one feet. * 


* Dr. Rees’s New Cyclopedia, 
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AMERICAN BRIDGES; 

It is a notorious fact that there is no country of 
the world which is more in need of good and per- 
manent Bridges than the United States of America. 
Extended along an immense line of coast. on which 
abound rivers, creeks and swamps, it is impos- 
sible that any physical union of the country can 
really take place until the labours of the architect 
and mechanic shall have more perfectly done away 
the inconvenience arising from the intervention of 
the waters. Nature, ever provident for man, has, 
however, afforded us ample means of remedy.— 
Our forests teem with the choicest timber ; and 
our floods can bear it on their capacious bosoms to 
the requisite points. Public spirit is alone want- 
ing to make us the greatest nation on earth ;. cand 
there is nothing more essential to the establishment 
of that greatness than the building of Bridges, the 
digging of canals, and the making of sound turnpike- 
roads. Necessity has already produced some hand- 
some and extensive specimens of Bridge-building 

“in the United States, agreeable to ancient models; 


and we shall preceed to mention a few of them. 
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CHARLE STON BRIDGE, 
| Over the Charles river at Coser in Massachu- — 
setts, stands on’ seventy-five piers, is one thousand 
five hundred and three feet in length and forty-two 
broad. _ It-was completed inone thousand seven, 
hundred and eighty-seven; and cost fifty thousand 
dollars. Ho, | A | 


West BOSTON BRIDGE, - 


on. the same river, stands on one: ‘nied and cigh- 
ty piers ; 3 is three thousand four hundred and eighty- 
three feet long, and forty feet broad. . It cost sev- 
enty-six - thousand - dollars. - Both: these. . Bridges 
have conveniences for the passage of vessels ; and 


are well lighted at night. ae 


(BRIDGE OVER LAKE CAYUGA, 

The. Bridge over the Caytiga lake, in New-York 
state, on the turnpike-road from Albany to Niagara, 
stands on two. hundred and ten trestles, each. con- 
sisting of three posts ~ connected, by four girths and 
four braces. The posts, are. sunk to hard gravel, | 


. Dr, Reés’s New Cyclopedia. _ 
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which is generally about thirty feet from the sur- 
face of the water. -They are twenty-five feet apart. 
The whole length of the wood-work is one mile; 


and it cost twenty thousand dollars.* — 


BRIDGE AT SCHENECTADY... 


A large and elegant Bridge was lately erected 
over the Mohawk; at Schenectady ; and another, 
said to-be of a new construction, over the Delaware 
at Trenton, x.y. In the latter, the road-way is sus- 
pended from the arcs, which serve to support a 
roof. Measz, in his geological account of the 


U.S. gives the following description, of it.* 


BRIDGE AT TRENTON, 

“On the twenty-first day of May, one thousand 
-eight hundred and four, the first corner stone was 
laid. . The front of the abutment, on the Pennsyl- 
vania side, being sixty-five feet in advance from the 
bank, it was thought prudent to make it thicker 
than the one on the opposite shore. — Accordingly, 
this abutment is fifty feet in front and eighteen feet. 
thick, with the back part supported by an horizon. 


* Dr. Rees’s New Cylopedia. 
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tal arc from its foundation: On the third day of 
July, the stone-work was commenced, and continu- 
ed without much further interruption, except from 
the water flowing in, until it arrived at the level of. 
the ground. a Se 
The fronts of the abutments, ‘from the surface of 
the “ground, .and.the ends; and about forty feet of 
the wing walls above the banks, are carried up with 
~cut stone in courses of range-work,:varying in depth | 
as they proceed. upwards, from twenty to six inch- 
es, and battering half an inch in the foot: and al- 
though no ornament was sought for; ‘this masonry 
‘exhibits’a solidity of work, and neatness of execu- 
: tion, that reflect ‘great credit on the ‘workmen who 
constructed it. ~The -cut. stone. in the abutments 
are all: clamped together with iron clamps, as high as 
is presumed the ice or other floating substances will 
ever assail.' them ; and in every tier. of stone are a | 
~ number’ of branch clamps extending diagonally. and 
crosswise the abutm ent, connecting. the whole toge- 
ther. The interior is made up of large rough stone, 
; many of half a ton weight and upwards, compactly 
filled in'with smaller stone, and the whole laid in 


good lime and sand mortar, and forming one.entire 
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solid mass of masonry. These abutments are nine- 
teen feet above the ordinary flow of the tide; six 
feet above the highest freshes from ordinary causes, 
and at least four feet higher than the water has ever 
been known to rise, from obstructions by ice on 
the bars below... Besides this, the travelling-way is 
raised nearly three feet higher; so that no injury 
can possibly be sustained'in the wooden  superstruc- 
ture, by any substances floating on or carried down 

the river in the highest freshes. 

The wing walls on the east side, atthe distance of six- 
ty feet fromthe front of the abutments spread or splay, 
seventy-eight feet ; and for the first twenty feet. they 
run intothe bank and are laid as deep as the foundation 
of the abutment, and seven feet wide in the bottom. 
From the end of the angle, they are continued in a 
parallel line with each other, one hundred and threé 
feet farther, on a-gradual taper to four feet, where 
they terminate. The exterior of this masonry is 
battered half an inch to the foot, while the interior 
is rather more ‘perpendicular ; so that the filling has 
little or no pressure on the side walls, but will settle 
in perpendicular lines. The wing walls on “the 


west, or Pensylvania side, are eighty-five feet 
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im length from the front of the abutment, extend 
about eighteen feet in the bank, and spread or splay 
sixty-six feet; being the width of the street: aia 
to the Bridge. | | 
In laying the exterior courses’ of the foundations 
of thé piers, great“care. was taken to select flat and 
long stones, running many: feet-into the piers. . On 
these, and throughout the whole ‘interior, aré laid 
large rough stoné of vast weight, ‘and the whole 
closely filled in with building’ stone. ~The depth of 
these foundations vary several feet in different parts . 
of the piers, owing to. the: itregular surface of the 
rock - (in some places: for rming a pretty regular ba- 
- gon), and this 48 an additional . secut ity against 
their being removed by ice, nalts, or. other. floating 
substarices: ‘coming against them. | 
An offset. of six. iniches is ree on these. founda- 
tions, when’ the cut stone commences ; . the’ pier 
here: receiving’ its. proper. shape- and dimensions, 
which, in ‘this. place, ‘is sixty-eight feet in length, 
and twenty-two in breadth, with the end up stream, 
of ra semicircular form... The levelling up -of. the 
foundation, and all: the. cut stone, are laid in terras” | 


fnortar. On the pier next to the Pennsylvania shore, 
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three courses of cut stone are laid, of twenty and. 
twenty-two inches in depth ; in’ which situation, ice 
and every ‘other ‘floating ‘substarice will ron over 
them during the winter and s spring seasons.” | 

The span between the - Pennsylvania abutment. 
and the first pier, as also-between each of the . other 
piers, is one “hundred and ninety-four feet; and 
from. the New- J ersey abutment to the first pier, the 
span’ is’ one hundred: arid fifty- six ‘feet, leaving a 
water-way of nine hundred and thirty-two feet, out. 
of éleven ’ hundred, the distance. ‘across: the: river 
from the top of one bank to the other. ~~ = 

“The piers are all carried up with cut stone, in 
courses of range- -work, ; varying in depth, as they 
proceed upwards, from. twenty: -five to eight inches, | 
until they, rise to” the top. coursé, which’i 1s. twelve 
inches, with the. sides: and lower end. battering half 
an “inch: in the foot: these stones extend into: the 
body of the work, from’ eight inches to five feet.— 
The exterior or cut stone, as. high : as. the’ water has 
| ever ‘been known’ to’ rise, is | laid i ini terras mortar ; ; 
and ‘throaghout the whole extent, lengthwise, eve- 
ry ‘second. or ‘third | course, clamped together. with 


iron clamps. Crosswise, also, of the piers, every 
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third or fourth course, eight or more iron clamps - 
are extended from side to side, and let ‘into the 
courses of cut.stone. . These, together with ‘a vast 
number of brass clamps, it is presumed, will effect- 
ually secure the whole from spreading or giving 
way in any direction. © ‘The. ends of the piers, up 
stream, are’ semicircular; ‘and after rising four and 
a half feet from ‘their foundations, with’ the ‘usual 
"batter of the. sides, they recede or batter at an angle 
of. sixty- -seven degrees, until they rise to the further 
height of ten perpendicular feet, when they are again 
carried up with the former batter to the square, where 
they terminate, and receive their finish with a co- 
ping of cut stone, in the form ‘of a half dome. <The 
stones of which: this angular partis composed, are 
all deep in their bed, extending from two to’ five 
feet into the pier, and are each secured with a clamp 
of iron. . At this point the cut stone ceases, and the 
dimensions of the. pier are: here sixty- two. feet i in. 
length, and twenty feet i in breadth. : 

An. offset ‘of: eight inches is then made on ‘the 
sides, and the square part ¢ of the piers againcarried up, 
with .a ‘skue back, to the further height of three feet 


nine inches. The feet of the arcs rest on this 
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offset, and spring from this angle.: The height of 
the piers next the shores, from the. foot of the arcs 
to ordinary low water mark, is twenty- -seven feet five 
| inches, and of those i in the middle twenty- -eight feet 
seven inches each. The distance. between the abut- 
ments is one thousand and eight feet, and the whole 
length of the Bridge, including the wing walls, will 
be one quarter of a mile. _. pene. 
The whole of: the stone work done ‘consists of 
one hundred and sixty-nine, thousand, two hundred 
and ‘twenty-three feet of cut stone, contained § in six- 
teen thousand ‘SIX hundred and fifty perches. of ma- 
sonry... ode a. wee s 
On thes execution of this branch of the work com- 
mited to their, care, the board of managers rely with, 
the ‘fullest confidence, and do. not hesitate to pro- 
nounce it as solid and complete a piece of masonry 7 
_asis any where to be found i in the United States. | 
‘The superstructure consists of five arcs, or five 
sets or serles of. arcs, | each composed of five sections 
or ribs, as they a are usually called, and rising from the | 
chord line, in the proportion of thirteen feet i in one 
hundred. These sections or. ribs are formed of white 


‘ping plank, of from thirty-five to fifty feet i in length, 
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four inches thick, and twelve inches wide (except 
the middle section, which is thirteen), and repeated 
‘one over ‘the other, breaking joints, . until they form _ 
a depth of three feet through. This mode of con- 
so wooden arcs is considered. as a great 1m- 

provement in Bridge architecture, and we are told 
was dirst introduced in ‘practice. iby Mr. Bur Ry 

the architect of this Bridge. | Be this as it may, it 
Is supposed to possess many | adv antages over. those — 
formed.of solid and massy ‘pieces oftimber, The 
_relative situation of ‘these ‘sections is such. as toleave - 
two openings . of eleven ifeet each in the. centre. for 
carriages, and two. of four feet s1x inches each on. 
the sides, for foot:walks. The general, width of 
the Bridges is therefore thirty- six feet from out to out, 
and the travelling aways. willbe on the chord- line 
between these sections. ‘Outside of:the two exterior. 
sections, wing | arches of fifty feet. an length, and 
‘of the same convexity: and depth, are placed, which 
‘inclining toward. the. centre, are united- to these sec. 

tions, and. securely, bolted. ‘through them. — “This 
gives the Bridge an. -additional base -- of - fifteen 
feet, and a. bearing of | fifty. two. feet - -On each. | 


pier. On the top: or circumference of these -sec- 
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tions and wing- -arcs, beams or ties and diago- 
nal braces are laid and let into each. other, in’ the 


form of lattice-work, and the whole firmly. connect- ' 


ed with the arcs by iron bolts with screws : going 
through them at the distance of every eight feet.— 2 


Thus they.are made to form-one entire connected 
arc, whichcan neither admit of any sideway’ or in- | 
testine motion between the sections, nor be readily 7 
injured or. endangered by high’ winds. 
The platform on which the travelling i is s perfor med 

is ‘suspended from these arcs, ‘by means of ‘iron 
chains or links, which hook into the ‘eye- -bolts, 
firmly fixed through the arcs, at the distance also of | 
every cight feet, in the three middle sections, and 
sixteen feet in the two exterior ones. To. the lower 
ends of these. chains is appended : a stirrup, in which | 

the beams lay, which sustain the joists. and flooring. 
‘To prevent the platform from having any swinging 
motion, wing- -chords and diagonal braces are again ” 
interposed, which effectually perform this service. | 
‘The expansion of the arcs (were not the solidity 
and weight of the piers and abutments of themselves | 
sufficient) ; is. completely guarded against by the ine 


| tervention of wooden ' chords, Ww hich embrace and 
7 18 | 
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connect the several feet of those arcs together. These 
serve also a further important purpose, to wit, of stif- 
fening and strengthening the arcs by means of up- 
right bracing, which takes place between them and 
the chords ; SO ‘that by the application of great 
| weights to either end of the are, no: vibratory’ motion 
can ensue, as the pressure is by this means distribut- 
ed throughout the whole extent of the segment. 

_ The three great objects, convenience of travelling, 
strength, and durability, are all happily united in the 
~ model: adopted—nor has ornament been “wholly 

‘thrown aside. The access to the ‘Bridge, on either 
| side, and. throughout the whole extent ofthe ee 
: form, presents 1 to the ‘traveller a ‘plane, without any 
“sensible rising, | eee 

With regard to streng th we can only © ‘speak by 


a comparison with other structures “upon ‘a simi- 


; lar ‘principle. ‘The two ‘Bridges across the Hudson 


7 : river, at ‘Waterford and’ Fort Miller, ‘constructed 
- under the superintendance of Mr. Burr, and the one 
fe across ‘the Connecticut river at Sprir gfield, by Mr. 
—Waxcorr, a are all spoken of in terms of high ap- 
“probation. ~ Our. Bridge, we are assured by Mr. 


Burr, combines double the strength of either of 
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them; but what constitutes the greatest excellence 
of the Delaware Bridge is the prospect of its dura- 
bility. ‘The permanency of the stonework is not 
to be questioned ; and by the proposed covering, 
the stamina or main parts of the wooden super- 
structure wil be effectually protected from decay 
by the wet, while those parts exposed to injury from 
the weather are all susceptible of the most complete 


repair. ie 


SCHL }YLKILL BRIDGE, 


The permanent Bridge lately erected over thc 
‘Schuylkill at Philadelphia i is also-a strong and ele. 
gant piece of architecture. It is composed of three 
-arcs of wood, supported by two stone piers, with 
two abutments and. wing- walls. The western pier 
is sunk in an astonishing: depth of water, perhaps 
ereater than ever any Bridge pier was before sunk, 
in any part of the world; the surface of the rock 
on which it is placed bemg forty-one feet nine inches 
below common high tides, _T he piers were built 
with coffer dams. The dam for the westerr n pier was 
curiously constructed, fom a design furnished by 


= American Additions to Dr. Rees’s New Cyclopedia. 
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Mr. Witi1am Weston, a celebrated hydraulic 
engincer of Gainsborough in England. We may 
have: ‘some conception of its magnitude when we 
are told. that eight hundred thousand feet of timber 
were employed in it. : 
The masonry of this ae was executed by Mr. 
Tuomas Vicker, onan. uncommon, if not a, nov- 
el plan. The walls of the abutments:-and. wing's 
are perpendicular, without buttresses; rand support 
ed by. interior offsets, These are fouiid Completely 
competent to support the j pressure of the: ‘filling, with-. 
“ The: abiitments are 
eighteen’ feet thick. - ThE: Witieewdlts nine feet at 


So 


out battering or > “contreforts. 


the foundation, retiring by offgers: : fall at the: para- 
pets they are only eighteen inches.. The eastern 
abutment and wing- walls are founded ona rock.=— 
7 ‘Those: ‘on the western side are built on piles. There 
are upwards of seven thousand five hundred tons of 
masonry in the western pier, “Many. of the stones 
composing both piers weigh from. three to twelve 
_ tons, a number of massive chains are stretched 3 in 
various» " positions across the piers. These «are 


worked i in with the masonry 5 ; the exterior of which 
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is clamped, and finished in the most substantial and 
workmanlike style. : 

The frame of the superstructure was designed and 
erected by Timorny Patmer of Newburyport, 
Massachusetts. It isa masterly piece of workman- 
ship, combining in its principles that of king-posts 
and braces with that of a stone arc. Half of each 
post, with the brace between them; will form the 
voussoir of an arc; and lines through the middle 
of each post would describe the radii or joints. 

The platform for travelling rises only eight feet 
from a horizontal line; and the top or cap pieces 
are parallel to this. Of the sections, the middle 
one has the most pressure, owing to. the weight of 
transportation being thrown nearer to that section 
than towards the sides, to which the foot-ways pre- 
vent its approach. These foot-ways are five feet 
wide, elevated above the carriage-ways, and. neatly 
protected by posts and chains. T’. PALMER is the 
original inventor of this kind of wooden Bridge 
architecture. He permitted, with much candour, 
considerable alterations in the plan on which he had - 
erected several Bridges in ‘New-England. These 


were accommodatory to the intended cover, and were 


142 HISTORY 


so much approved by him, that he considered. the 
Schuylkill Bridge superstructure the most perfect 
of any he has built. . 

The wor kmanship . of the covering was perfor med 
by O Bippte, of Philadelphia, agreeably toa de- 
sign: furnished him. The underwork. is_ done in 
imitation of masonry, by sprinkling it with stone 
dust after being fresh painted. 

Commodious wharfs, on each side of the river,. 
have been made, not only to protect the foundations 
of the abutments and wings, but with a view to profit. . 
They co- -operate with other improvements to give 
anew and interesting. front: to the sclty. S67 

: This Bridge was SIX years in building, and cost 
‘about two hundred and. seventy-five thousand dol- 


lars, including ‘thie « ‘cash moiety of the purchase ‘of 
the site, for which forty thousand dollars were paid 


to the city ‘corporation, half in cash, and. half in 


, Bridge shares. - 
; The following: are “the proportion oft the - Bridge. 


Length” oe ee oe bie - - 550 00 
Abutments and wing-walls eieee yee : 750 00 


Total: length. tt ee Gee = ¥ 1300 00 
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Span of the small arcs each ~~ - ‘ 150 00 


Ditto the middle arc er - 194 10 
Width of the are ti«w - go A2 00 
Curvature of the middle arc es . 12 00 
Ditto ofthe smallarcs — - - - 10 00 
Curvature or rise of the carriage-way ~ 8 00 
Height in the clear over the carriage-way 13 00 


Height from the surface of the river to ditto 31 00 
Thickness of the pier - - fo 20 00 
Length of ditto 7 gh hae 62 00 
Depth of water to the rock at the western pier 41. 00 
Ditto at the eastern pier _ - 21 00 

Amount of toll when the work began, for the year 
one thousand seven hundred and ninety-nine, aris- 
ing from the floating Bridge - . $ 5000 

Amount of toll on an average (1805), the rates of 
toll in several instances being lower than over the 


old floating Bridge. . = : B 13,600.% 


Jepepran Morsg, in his Universal Geography 
of one thousand eight hundred and five, has given 
the following account of sundry Bridges erected i in 
different parts of the United States. 


* American Additions toDr. Rees’s New / Cyclopzedia. 
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A BRIDGE 


IN THE DISTRICT OF MAINE. - 


Over York River; about a mile from the sea, was 
built, in the year one thousand seven hundred and 
“sixty one, a Bridge’ two hundred and seventy 1 feetlong 
_ by twenty- -five feet wide, exclusive of the wharts at 
each end, which reach to the channel: ‘The Bridge 
stands on thirteen piers, and was planned by Major 
SAMUEL Srwarz. Inthe year one thousand seven 
hundred and. ninety ‘three, this Br idge was rebuilt on 
the original plan. ‘The model of Charles-river Bridge 
was taken from this,. and was ‘built under the super- 
intendance of the same gentleman. It has also served 

. as the model of Malden and Beverly Bridges, and. 
has been imitated even in Treland, by those i ingenious 


omens Artists, Messieurs, C ox and Tx OMPSON. 


BRIDGES 
IN (NEW-HAMPSHIRE. | ; . 

7 In Hanover, opposite Dartmouth College, is erec- 
ted a Bridge with a single arc, two hundred and thir- 
ty feet chord. | The abutments are built with stone, 

and the whole. length of Bridge is four hundred | 
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and fifty-three feet, the width is thirty-six feet. In 

the winter of one thousand eight hundred and five, 

this Bridge fell, and has not since been rebuilt. 
BRIDGE AT WALPOLE. 

Over Bellows Falls at Walpole was erected, in the 
year seventeen hundred and eighty-four, by Cot. 
Have, atimber Bridge, three hundred and sixty-five 
feet long, supported in the middle by a great rock. 


WINDSOR BRIDGE. 

This Bridge connects Windsor and Cornish, and 
is five hundred and twenty-one feet long, by thirty- 
four feet wide. It consists of two_arcs, each one 
hundred and forty-four feet chord.. The pier in 


the centre is forty-six feet by forty-one. This Bridge 


cost twenty thousand dollars. 


A BRIDGE 


OVER THE MERRIMACK RIVER. 


A little below Amoskeag Falls, is erected a Bridge 
five hundred and fifty-six feet long and eighty feet 
wide, supported by ‘five piers and two abutments. 
The top of this Bridge is thirty feet from the river. 
{t contains two hundred tons of timber, and was built 


in fifty-seven days. 
: 19 
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PISCATAQUA BRIDGE. 

In the year one thousand seven hundretf and 
ninety-four, a. Bridge ‘was built over the River 
| Piscataqua, “seven. miles above. Portsmouth. Its. 

length is twenty-six hundred feet; of which twen- 
| ty-two hundred feet are’ planked. ‘The greater 
part of this Bridge is’built: of piles driven. into the — 
bed of the river in the common way. But that 
part which engages the attention of travellers, is. 
‘an-are nearly in the: centre of the river, uniting 
two islands, over water forty:six feet deep. This 
stupendous ate of two hundred and forty-four 
feet on the chord, is allowed to be a masterly piece 
of Architecture, planned and built by the ingeni- 
ous Mr. Timotuy ‘Pavey, of Newburyport. 
This Bridge cost the: proprietors: sixty-eight thou- 


. sand dollars.. . 


‘MALDEN BRIDGE, : 
IN THE STATE OF ‘MASSACHUSETTS. 
: “This Bridge is s built z across “Mystick: River, con- 
: necting Charleston - with. Malden. Its length | 1S 
twenty-four hundred and twenty feet ; the breadth. - 
of Bridge i is thirty-two feet, _and.its- height from the 
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water is twenty-three feet. This Bridge cost in 


building fourteen thousand dollars. 


ROWLEY BRIDGE. 


On the post-road between Boston and Newburyport 
is a Bridge across ParKER’s River, eight hundred 
and seventy feet long, and twenty-six feet wide, 


consisting of nine solid piers and. eight wooden arcs. 


DEER’S ISLAND BRIDGE. 
Over the Merrimack River, in the county of Es- 
sex, near Newburyport, isa Bridge that was planned 
by Mr. Timorny Pa.umer, in the year one thou- 
sand seven hundred and ninety-two, constructed 
with two arcs; the one is one hundred and sixty and 
the other is one hundred and thirteen feet chord, and 


is erected forty feet above the level of high-water. 


ESSEX BRIDGE 
is fifteen hundred feet long, has a convenient draw, 
and is admired by travellers as a very elegant Bridge. 
HAVERHILL BRIDGE, 
—issix hundred and fifty feet in length and thirty- 


four feet wide. It has three arcs, each one hun- 
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dred and eighty feet chord supported by three hand- 
some stone piers, forty feet square. It hasalso as_ 
many defensive piers and sterlings extending up the 


river, sae feet above the nee 


ON 


; “MERRIMACK BRIDGE, 


between Newbury and Haverhill Bridges, is of inge- 
nious and. elegant workmanship. - It is the longest 
~ of any on Merrimack River, by several hundred feet. 
It consists of four a arcs, with five piers, and also 


has a draw, 


RRIDGES 


IN. THE STATE OF RHODE-ISLAND. 


The assembly in this state, in their session of May 
seventeen hundred and ninety-two, passed an act in- 
corporating three companies for the ‘purpose of erect- 
Ing three Bridges, one over ‘the upper, and another 
over the lower ferry of Seckhonck Tiver, and a third 
over Howland’s ferry. - This last mentioned Bridge | 
is nine hundred feet long, thirty- SIX broad, has for. 
ty-two piers, and a sliding draw. The greatest depth 
of water at this phe is fifty-o one feet. | 
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WEYBOSSET BRIDGE. 


_ The great Bridge in the town of Providence, for- 
merly called Weybosset, from a high hill of that 
name, which stood near the west end of the Bridge, 
but which is now removed, and its base built upon, 
was, till lately, the only Bridge of considerable note 
inthis state. It is one hundred and sixty feet long, 
and twenty-two feet wide, supported by two wooden 
tressels, and two stone pillars. It unites the eastern 
and western parts of the town, and is a place of resort 
in summer, affording a pleasant prospect of all ves- 


sels entering and leaving the harbour. 


MOHAWK BRIDGE. 

A Bridge over the sprouts of Mohawk River was 
finished in seventeen hundred and ninety-five. It 
is about ten miles north of the city of Albany, 
and opens an easy and direct communication. with 
an extensive and thriving country to the north-west. 
It is nine hundred and sixty feet in length, twen- 
four in breadth, and fifteen above the ‘bed of the 
river, which for the most part is rock. It is sup- 


ported. by thirteen solid stone pillars, and makes a 
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fine appearance as you approach it from the south. - 
About a mile west of the Bridge are the Falls cal- 
led the Cohoez, in full view, forming a grand spec- 
tacle to the eye of the traveller, while on the east 
a different scene is presented, the river below the — 
Bridge spreading into ‘three branches, and pour- 
ing its waters. into the Hudson by as many mouths. 
- -BRIDGES 
‘IN SOUTH AMERICA. ~ | 

The Bridges made by art are generally far from. 
being commodious. ' Of these there are two kinds, 
besides those of stone, which are very few. The 
most common are wood, and the rest of the beju- 
cos: With respect to the first they choose a 
| place where the river is very narrow, and has on 
each side high rocks. - These Bridges only con- 
sist of four long beams laid from one precipice | 
to the other, forming a path. about a yard and a 
half in breadth, just sufficient for a ‘man to pass 
over on horseback ; and custom has rendered them 
| so familiar, that people pass them without any 
apprehensions. Those formed of bejucos are 
never used but where the breadth of the river 


will not admit of beams being laid across. Several 
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of these bejucos are twisted together, in order 
to form a large cable of the length required; and 
six of them are drawn from one side of the river 
to the other; two of which being considerably 
higher than the other four, serve for rails.’ Across 
those at the bottom are wattled sticks of bejucos, 
and the whole is not unlike a fishing-net, or In- 
dian hammock, stretched from one side of the ri- 
ver to the other; but as the meshes of this net 
are very large, and the foot would be in danger of 
slipping through, they cover the bottom with reeds, 
which serve for a floor. The mere weight of this 
kind of basket Bridge, and much more the weight 
of a man passing over, must cause it to make a 
prodigious bend; and, if it be considered that the 
_ passenger, when in the midst of his course, espe- 
cially if there be a wind, is exposed to be swung 
from side to side, a Bridge of this sort, sometimes 
above ninety feet long, must appear extremely 
frightful; yet the Indians run over it, loaded with 
the baggage and pack-saddles of the mules, laugh-_ 
ing to see the Europeans afraid of venturing. The 
greatest part of these Bridges are only for men and 


women; the mules swimming over the rivers; for 
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their loading being taken off, they are driyen into 
the water about a mile anda half above the Bridge, 
in order that they may. reach the opposite shore 
near it; they being usually carried so far by the 
rapidity of the stream. . 

Instead ofa bejucos, Bridge, s some rivers are pass- 
ed by means -of a tarabita, which isa single rope 
either made of’ bejucos. or thongs cut from the 
hide of an ox,. and consisting of several ‘strands, 
which, when twisted, form a rope of six or eight in- 
ches in thickness. » This. is extended ‘across~ the 
river, and fastened.on one. side to a strong post, 
and on the other toa wheel, that it may be strait- 
ened or slackened as occasion serves. From: the 
tarabita hangs ‘a kind of leathern hammock, large 
‘enough to contain a man, and suspended by” a clue 
at each end, hanging ina loop - over the tarabita. 
A rope is also fastened to it, and extended over the 
river, for drawing the. hammock to the side inten- 
ded ; which, with a push ‘at its first setting off, 
sends’ it quickly to the other side. This not only 
serves to carty over “persons, but the burthens | 
of beasts, and. also the animals themselves, where 


the rapidity of the current and the prodigious 
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stones continually carried along by it, render it im- 
practicable for them to swim over. For carrying 
over the mules, two tarabitas are used, one for each 
side of the river; and these are much thicker and 
slacker. On this rope is only one clue or loop, 
which is of wood; and by this a beast is suspen- 
ded, being fastened to it with girts round the bel- 
ly and neck. When this is performed, the crea- 
ture is pushed off, and almost immediately landed 
on the opposite side. Animals that are accustom- 
ed to be conveyed over in this manner never make 
the least opposition, but come of themselves to 
have the girts fastened round them; yet they are 
at first brought with great difficulty to suffer this 
to be done, and on their finding themselves sus- 


pended in the air, kick and plunge. violently du- 
ring their short passage 


| HE NATURAL BRIDGE, 
in the county of Rockbridge, Virginia, isa stupen- 
dous curiosity. It unites two hills, between which 
passes a small stream called Cedar Creek. _ The 
height of the Bridge from the water is about two 
hundred and ten feet. The bases of the abutments 
20 
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are, in different places, from forty-eight:to seventy 
feet apart; the mean distance being about sixty feet. 
One of these walls, or abutments, is nearly perpen- 
dicular ; the other falls back, so that the top of the 
arc is from eighty to ninety feet wide; the cover-— 
ing, of the arc is from forty to fifty feet thick. It 
is of limestone, forming one entire mass, with two 
abutments. This is thought by some to contradict 
the idea that this fissure was produced by some great 
convulsion. » Its surface, over which is a. considera- 
“ble road, is a gentle Slope and stony: ; but generally 
covered “with earth, which supports many. large 
trees: “The under side is lower at one end than at the 
other. Both endstise like'an arc; but in the middle 
extend horizontally ‘nearly in a straight line. . The 
walls. which support the arc, and those which 
form the sides of the Bridge, are very irregular. In 
some parts they are smooth and perpendicular : in 
others there are cavities ; ; while other parts exhibit a 
protuberant and cragg gy surface. The Bridge -Cros- 
-ses the, vale obliquely. In the middle, it Is sixty- 
five feet in breadth ; but much wider at the ends. 
‘The banks which support the Bridge extend with — 


the same height several hundred yards on cach side 
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of the stream ; but do not correspond with each other 
as if rent asunder. The course of the fissure, for 
a considerable distance above and below the Bridge, 
resembles an ill-formed S, spreading wider as it ex- 
tends either above or below. Few persons have 
courage -to approach the sides of this Bridge. 
Those who do are instantly seized with. terror. 
They involuntarily fall to the ground, cling to a stone 
or a tree, look down on the frightful abyss, gaze 
with astonishment at the massy walls, the deep wind- 
ing valley, the rushing stream and the distant hills. 
To persons below, a prospect not less awful is 
presented ; the lowering arc, the frightful precipice, 
and the gloomy forest relieved by the distant sky. 
We cannot refrain from gratifying ourselves here. with 
‘the insertion of some lines written on this Bridge, by Mr. 


Joun Davis, who some'time ago published in England a hu- 


morous volume of Travels in America. 


When Fancy, from the azure skies, 
On earth came down, before unseen, 
_ She bade the wondrous structure rises 


And haply chose this sylvan scene. 


The Graces too, with spritely air, 
Assisted in the work divine ; 
‘The arc they formed with nicest care, 


And made the murm’ring ‘stream incline, 
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_ Then Fancy, from the pile above, : 
Would gaze, with rapture bending o'er; 
And, charm’d, behold the streamlet rove, | 
~ While Echo mock’d its sullen roars 


And d here, perhines the Indian st004, 

- With “uplift hands, and eye amaz’ a 
KK sudden, from the ‘devious wood, ) 

«He first upon “the fabrte gaz’d $0 


a eo 


See T sae! s domes and | halls of state, : 
In undistinguished puin lie; 

See Rome’s proud empire yield to fate, 

_ And claim the, mournful pilgrim’s sigh, 


But while relentless Time impairs 
The monuments of ‘crumbling arts) 3 
This pile, unfading, beauty. wears, . 


Eternal in its ey ry part: aie, 


*.The Editor of the Port Folio has affixed a Note.to. ‘these, 
verses, which were published in that work, in, January, 
,one thousand eight hundred and nine, and we shall take the. 


5 
Fs 


liberty to insert it. here, | 

“ The Bridges in Aiheidea: whether they be natural. or un- 
natural, have been so imperfectly if not injuriously described 
by European. travellers and tourists, that no foreign reader 
has an adequate idea of these. structures, which, from Solo- 
mon’s Bridge- over ‘the. brook. Cedron’ to Roman magnifi- 
CENCE, displayed on the Tiber, have contributed so much te 


the convenience and the character of nations. \ 
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THE NATURAL BRIDGE, 


in the county of Lee, Virginia, is a great curiosity. 
This Bridge is one hundred and thirty-four feet 
higher than the one just described, being three hun- 
dred and thirty-nine feet in perpendicular height. 
Its summit projects eighty-seven feet over its base ; 
it fronts to the south-west, and is arched as regular- 
ly as could be by the hands of art. The arc in 
front is about two hundred fect high, and slopes off 
to sixty feet, at the distance of one hundred and 
six feet from the entrance. From its-mouth, in a 
straight direction, it measures four hundred and six 
feet; thence at right angles three hundred feet ; 
thence crossing the-second line at eighty feet from 
the wall to -the other end, three hundred and forty 
feet. The roof is regularly arched, and gradually 
descends to eighteen feet, which is the lowest part 
at the intersection of the second angle; it then 
rises to twenty, thirty, forty, and seventy-five feet, 
which is the height of the north-east entrance. The 
stream of the water which runs under this Bridge 


is from thirty-five to fifty-five feet wide, at its com- 
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mon height. The head of this stream (Stock 
Creek) is from three to four miles above the Bridge, 
rising out of a knob or spur of Cinch mountain, 
and emp ties itself three miles below, into Climch ri- 
ver. Itis suddenly swelled by rains sometimes to. 
fifteen and eighteen feet perpendicular ; but soon ex- 
hausts itself. . There is. waggon-road. over. the 
Bridge, which is only used in time of. freshes, and is 
then the only part that can be crossed... On approach- 
ing it to the south-west front, it produces the most 
“pleasing awful sensations : the front is a solid rock 
of limestone, ‘the surface very smooth and. regular, 
forméd ina semicircle, the rock of a bright yellow 
xolour, whichis heightened by the rays of the sun ; 
the arc is partly colouted. by a spur of the ridge, 
which runs down the edge. of the creek, in front of — 
the arc. Across the creek stand several beautiful 
‘trees ; the most elegant and luxuriant is a cucumber 
‘tree, teeming with fruit ; the leaves from two to two 
and a half feet in length, and one foot in. breadth. 
This, with some white-cedars and walnut-trees, adds 
very much to the beauty of the scene. é | 

if the view below. creates such pleasing sensations, 


what must that from above be! It fills the mind 
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with horror! From the level of the summit of the 
ridge, where the roud passes to the verge of the fis- 
sure, the mountain descends about forty-five degrees 
of an angle, and is nearly fifty feet in perpendicular 
height. You involuntarily slide down, feet fore- 
most, holding by every twig you pass, until you 
reach the verge, whichis for six or eight feet less 
steep; the rock is covered with a thick stratum of 
earth, which gives growth to many large trees. 
From this landing-place to the verge is a descent 
of ‘nine feet, so steep that it cannot be approached 
near enough to look over. To the west of the arc, 
about four hundred yards, the ascent to the verge is 
much leveller, where you may look into the abyss 
below. ‘ My guide,” says the gentleman who 
furnished this account, was an old hunter, who had 
for many years been accustomed to clambering over 
steepest mountains. On approaching the verge, the’ 
horror of the scene below intimidated him for a few 
moments; but he could presently walk along the 
verge with composure. This Bridge may be passed 
by thousands without a knowledge of it, unless at- 
tracted by the roaring of the waters below.* 


* Morse’s Geography. 
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We have given the foregoing descriptions of two 
natural Bridges, because we have found them under 
~ the. head of Bridges, in. other works; but what 

they have to do, as mere. lusi nature, with Bridges 
‘of Art we are. not ,able to. conceive. ‘The. authority 
of Dr. Monst i is. sufficiently respectable ;- but his 
| correspondent, “who. gives the account .of the first 
natural Br idge, must have. been composed . of far 
different stuff frqm any other traveller. we have ever 
heard of. .On- his. approach . to the sides of the 
oy Bridge he, is, instantly, seized with terror, involun- 
tarily falls. to. the ground, then. lings. to.a stone or 
a tree, and, whilst he. ds gazing. with astonishment 
at the massy walls,, the. deep ‘winding valley and the 
rushing, stream* he very deliberately takes. a sang 
| froid view .of | the distant. hills. But, verbum Sts 
Our criticism; we trust, will. be pardoned. 
There: are. many. other Bridges, which. age as 
well have been. left. out. of this work. as. the natural | 
Bridges ; but .as our design is to compare our Bridge 
with. all others. (for: the. test. of, every thing must 
be made by comparison) they. become .a. necessary 


part of our r great whole. 


#*A little dribbling rivulet. 
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PENDENT BRIDGES. 


Pendent, or hanging Bridges, called also philo- 
sophical Bridges, are those which are not suppor- 
ted by posts or pillars, but hang at large in the air, 
being sustained only at the two ends or abutments. 
Bridges of this kind are used by the Spaniards 
for passing the torrents in Peru, over which it 
would be difficult to throw more solid structures 
either of stone or timber. Some of these hanging 
Bridges are formed so strong and broad, that load- 
ed mules pass along them. Ulloa, tom. i, page three 
hundred and fifty.eight. Dr. Waxuts gives the 
design of a timber Bridge, seventy feet long, with- _ 
out. any pillars, which may be useful in places 
where pillars cannot be conveniently erected. Phil. 
Trans. No. one hundred and sixty three, p. seven 
hundred and fourteen. Dr. Piotr informs-us that 
there was formerly a large Bridge over the castle-_ 
ditch at Tutbury in Staffordshire, made of pieces 
of timber, none much above a yard long, and yet 
not supported underneath, either with pillars or 
archwork, or any other sort of prop whatever.* | 


* Dr. Rees’s New Cyclopedia. 
21 
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PORTABLE BRIDGES. 

- Under this article of Bridges we may also mention 
portable Bridges, easily taken asunder, and “put 
together again. M. CovrLet mentions one of 
this. kind, two hundred feet long, and which forty 
men ‘may carry. See Du Hamel. Hist. — Acad, 

Scienc. C. iii, $5, C. 4% aes 
In the middle ; ages: Bridge- building was reckon. | 
ed among the acts of religion ; and a regular order 
of hospitallers was “founded by St. Benezet, towards 
— the close of the twelfth century, under the denomi- 
fiation of Pontifices or Bridge builders, whose. of- 
fice was to assist travellers by making Bridges, s¢tt- 
ling fertiés, ‘and receiving strangers in hospitals or 
hotises built on the banks of rivers. .We-read of a 
| hospital ‘of this kind at Avignon; where. the hospital- 
lers dwelt under the direction of their ,first superior, 
St. Benezet.: The: ‘jesuit Raynaldus. has a treatise 
sspessly on St. John the: Bridge- “builderi* 2.2.65. 


“BRIDGE OF AVIGNON, 


ee CONSTRUCTED: OF STONE. | : 
- The Bridge of Avignon was begun i in the year 
one thousand one hundred and seventy-six, and 


* Dr. Rees’s New Cyclopedia. 
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finished in one thousand one hundred and eighty- 
eight. . It consisted of eighteen arcs, and was about 
three thousand feet in length. Several of its arcs 
have been destroyed by the rapidity of the current, 


together with the force of the ice.* 


M. Montuc ra, in his Recieations in Mathe- 
matics, translated into English by Cuarztes Hur- 
ton, LL. D, and F. R. S. Vol III, Page 426, 
has proposed the following problem. 

PROBLEM XII 

How to construct a wooden Bridge of one hun. 
dred feet and more in length, and of one arc, with 
pieces of timber, none of which shall be more than 
a few feet in length. 

“We shall here suppose - that the pieces of tim- 
ber intended fora Bridge of this kind are twelve 
or fourteen inches square, and only. about twelve 
feet in length: or that particular circumstances have 
prevented rows of piles from being sunk in the 
bed of the river, to support the beams employed in 
constructing the work. In what manner must the 
architect proceed to build the Bridge, notwithstan- 


ding these difficulties ? 
* Dr. Rees’s New Cyclopedia. 
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The execution of this plan is not impossible: for 
it might be accomplished in the following manner. 
First trace’ out, on a large wall, a plan of the pro- 
jected Bridge. By describing two concentric arcs 
at such a distance: from each. other as the length 
“of the ‘pieces: of timber to be employed will admit, 
| which we shall “suppose, for examplé, to be ten 
feet, giving them the form of an arc of ninety de- 
steés from one pier to. another : then divide this 
arc into a cérfain number of equal parts, in such a 
rentice. : that the arc of: each ‘shall not exceed five 
or six fect, felon sa 3 
-On the supposition here’ inadéy of the distance 
of one hundred feet between the two piers, an arc 
of ninety degrees ‘which covers it would be one 
hundred and ten feet in Jength, and its radius 
would be seventy feet.» Divide, then, this arc into 
twenty-two equal’ parts, of five feet each, and ‘with 
the above | pieces of timber, joined together, from a 
kind of voussoir. eight or ten feet in height, five — 
feet in breadth at the. intrados; and five fect eight , 
inches: six. lines at. the extrados ; ; "for such are the 
proportions of these arcs, according to the above 


dimensions, Fig, 20 represents one of these VOUS- 
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soirs, which, as it is evident, consists of four prin- 
cipal pieces of strong timber, at least ten inches 
square,which meet two and two at the centre of 
their respective arcs ; of three principal cross bands 
at each face, as AC, BD, E F,ae, bd, ef, which 
must be exceeding strong, and therefore ought 
to be twelve or fourteen inches in height, and 
ten inches in breadth; and, lastly, of several lateral 
bands, between the two faces, to bind them toge- 
ther in different directions, and to prevent. them from 
giving way. A voussoir of this kind may be about 
"six feet in length; that is between' the two faces 
AE, FB, and ae, fd. | 
An arc must then be formed of these voussoirs, 
exactly in the same manner as if they were stone, 
and when they are all arranged in their proper pla- 
ces, the different pieces may be bound together ac- 
cording to the rules of art, either with pins or bra- 
ces. Several arcs or ribs of this kind must be 
formed, close to each other, according to the inten- 
ded breadth of the Bridge; and the pieces may be 
bound together in the same manner as the first, so 
as to render the whole firm and secure. By these 


means we shall have a wooden Bridge of one arc, 
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which it would be very difficult to construct in any- 
other manner. Ce , | 

It now: remains. to be examined whether these. 
voussoirs will have sufficient strength to resist the 
pressure which they will exert on each other. The 
following: calculation | will Shew that there can be 
no. doubt of it: fey | 

Tt. appears, from. -the experiment of ‘Muschen- . 
broeck,* and the theory of the resistance of bodies, | 
that a piece of oak twelve inches square and five 
_ feet in length, can sustain, an an upright position, 
‘without breaking, two. hundred and. sixty-four. 
| thousand pounds ; hence it follows that a cross band, 
as AC, or E F, five feet in length and twelve inches 
by ten, cz can support twohundred.and twenty thousand a 
pounds ; but, for the greater certainty, we shall 're- - 
duce this weight to one hundred and fifty thousand; . 


therefore, as we have six bands of this length, a few 


inches more or less 1 in each of these’ voussoirs, ‘it is - 


evident. that the effort which: one of these voussoirs. 
as. capable of sustaining, will be at least nine hun- 
| dred thousand pounds. Let us now examine what 


is the real effort to be resisted. 


*Essais de Physique, vol i, chap. ii: 
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We have found, by calculating, the absolute 
weight of such a voussoir, and even supposing it 
to be considerably increased, that it will weigh at 
most between seven or eight thousand pounds or - 
seven thousand five hundred. The weight, then, 
resting on one of the piers, most loaded; having 
ten voussoirs to support, will.be charged only 
with the weight of seventy-five thousand pounds ; 
a weight, however, which, on account of the posi- 
tion of the voussoirs, will exert a pressure of one 
hundred and fifteen thousand pounds ; but we shall 
suppose it to be even one hundred and twenty 
thousand. There is reason therefore to conclude, 
from this calculation, that-such a Bridge would not 
only have strength to support itself, but also to bear, 
without any danger of breaking, the most ponder- 
ous burthens ; It even appears that it would not be 
necessary to make the pieces of timber so strong. 

If the expense of such a Bridge be compared 
with that attending the common method, it will 
perhaps be found to be much less; for one of these 
voussoirs will contain no more than. one hundred 
and forty or one hyndred and fifty square feet of © 
timber, which, at the rate of two shillings per foot, 


would be only fifteen pounds; so that the twenty- 
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two voussoirs of one course or rib would cost 
three hundred and thirty pounds ; consequently, if 
we suppose the breadth of the Bridge to consist of 
four courses or ribs, the whole would amount only 
to one thousand three hundred and twenty pounds. 
Tt must indeed be allowed that, to complete such a 

| Bridge, other expenses would be required ; but the 
object here proposed was to shew the’ possibility 
of constructing it, and not to calculate the expense, 
The idea of sucha Bridge first occurred to me 
in consequence ofa dangerous passage I met with 
inthe province of Cusco, in Peru; where I was 
obliged to cross a torrent, that flows betweei: two 
rocks, about . one hundred and. twenty-five feet 
; distant from: each other, and more than one hun- 
dred and fifty feet in-height. ‘The inhabitants of | 
the Country have constructed there a Travita.® 


. kee I was m esas of pee | When I ar- 


* This is an Thdian - Bridge, the very dea of which i is 
enough to make one shudder. A man is placed In a- 
basket fastened by a pulley to a rope, which is -extended 
from the one side of a torrent to the other. The basket and 
rope are both constructed of those creeping plants which 
_the inhabitants of America employ in almost ‘all their work. 
As soon as the man is got into the machine, it is drawn over 


tothe.opposite side, by means of a rope fastened to the pulley. 
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rived at the next village, I began to reflect on the 
best means of constructing in this place a wooden 
Bridge, and I contrived the above expedient. I 
proposed my plan to the Corregidor, Don JayME 
Atonzo Y Cunica, a very intelligent man, who 
being fond of the French, received me with great po- 
liteness. He approved of my idea, and agreed that, at 
the expense of a thousand piasters, a Bridge of twelve 
feet in breadth, which all Peru would come to see, 
through curiosity, might be constructed in that 
place. But, as I set out three days after, I do not 
know whether this project, with which this worthy 
man seemed highly pleased, was ever ‘carried. into 
execution, 

It may here be remarked that it would be easy 
to arrange the voussoirs of a Bridge of this kind 
in such a manner ‘that, in case of necessity, any 
one of them might be taken out, in order to 
substitute another in its stead, which would af- 
ford the means of making all the necessary re- 
pairs. 

If the rope used for dragging over the machine aut peas 
the man must remain suspended for some hours, until means 


have been found to relieve him from his painfel situation. 


faves! 
Be 
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An Account of a New Method of constructing 
Wooden Bridges : Extracted from the Philosophical 
M agazine, No. cxzivirt, for August, one thousand 
eight hundred and ten. 

M. WiEBEKING, director of roads and Bridges | 
to the king of By ae ‘has discover ed a method of 
constructing wooden Bridges, which, j in ‘point of 
‘strength and solidity, pr omise a duration of several 
centuries. They are also remarkable for the ele- 
gance of their form and the width of the arcs. 
A Bridge has been constructed on the above plan 
over the river Roth, five. leagues from. Passau, 
(Ger raany) consisting of a single arc two. hundred 
feet wide : another has been made for a large city, 

two hundred and eighty-six feet wide. 

These arcs may | be. so constructed as to sine 

“of ships of war or merchant vessels passing through 


a them, an aperture being made i in the centre, which 


can be opened or shut at pleasure. Another ad- 


_ vantage possessed by: these Bridges is that of being . 
speedily taken to pieces @-ah it be necessary to stop 
the progress of an enemy, the arc may be remov- — 
ed i in one day, and the abutments j in another, with- 


out cutting the smallest piece of timber. 
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With respect to the advantages in point of cecon- 
omy resulting from the adoption of M.W1rBEKIN’s 
plan, it has been estimated that a stone Bridge of 
similar dimensions to a wooden one of a given size 
would cost two millions of florins, whereas the lat- 
ter would cost only fifty thousand florins ; and on 
the supposition that a wooden Bridge will only last 
one hundred years, it follows that, taking the interest 
on the principle. sum into the computation, there 
will result a saving of eleven millions six hundred.» 


and eighty thousand florins. 


CHAIN BRIDGE. 

The chain Bridge lately thrown over the Merri- 
mack, three miles above Newburyport, in the state 
of Massachusetts, is now in constant use. This 
Bridge consists of a single arc, two hundred and 
forty-four feet span. The abutments are of stone, 
forty-seven feet long, and thirty-seven high; the 
uprights, or framed work, which stand on the abut- 
ments, are thirty-five feet high, over which are sus- 
pended ten distinct chains, the ends of which on 
both sides of the river are buried in deep pits and » 


secured by large stones: each chain is five hundred 
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and sixteen. feet long ; and, where they pass over 
the uprights, they are treble, and made im short 
links, which is said to be more secure than saddles 
made of plates of iron. The four middle joists | 
rest on the chains ; all the rest are suspended to the 
main chains to equalize the floor. This Bridge has 
two passage-ways of fifteen feet in width each, and. 
the floor is so solid as to admit of horses, carria- 
ges, &c. to travel at any speed, with very little 
perceptible motion of the floors. ‘The railing is 
stout and: str ong, which adds much - firmness 
to the floor. ‘There are three chains in each range 
on each side, and four i ini the middle range : they 

are calculated “to support nearly five hundred tons. 

From’ the surface of the water to the middle of the 
| floor is forty feet; and from the top of the abut- 
ments to the top of the uprights ‘is thirty- five feet 
high, making seventy- -two feet. :The “magnitude 
and power of the abutments, the width and length 
- of the floors, the elevation of the work, the evident 
powers of the chains, &e. all conspire to make ita 
wonderful work. | Every expense attending it did 
not amount to twenty-five thousand dollars. The 


abutment being of stone, the uprights covered, and 
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the chains painted to prevent rust, leaves nothing 
but the flooring to decay. This Bridge was con- 
structed by Jouw Tempieman, Esq. of the district 
of Columbia, whose talents for the productions of 
such work, and the various improvements sugges- 
ted and used by him, have been highly beneficial, 
and do him great credit. | 
| A BRIDGE, 


OVER THE POTOWMACK, 


CONSTRUCTED OF TIMBER. 

This Bridge is near a mile in length, and affords 
a considerable convenience by shortening the dis- 
tance from the city of 

WASHINGTON, 

to Alexandria. It is supported with a number of 
timber piles, driven into the bed of the river, and 
beams are laid thereon to form the carriage road, 
which is planked from end to end. The expense 
of building this Bridge, we are told, was one hun- 


dred thousand dollars. 


* We cannot help here remarking that, among 
the many vast plans-which the illustrious Wasu- 


INGTON conceived for his country’s welfare, the 
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establishment of this City, appeared to occupy no 
small share of his attention; and experience has 
proved that the seat of government could not have 
been placed in a more conyenient situation for all 
the purposes of correct state policy. Besides 
— this, it is impossible for the imagination to conceive | 
a site more appropriate for the capital of a great 
nation than the one in question. The » comman- 
ding Gant: on which the Capitol rests, is truly 
emblematic of Legislative authority ; the finely 
diversified hill and dale of the surrounding coun- 
try, the magnificent banks of the Potowmack, and 
its waters boldly meandering through scenery of 
unequalled grandeur, combine to fill the specta-_ 
tor with awe, and give him a presentiment of the 
future high destinies of this embryo metropolis. — 
When national spirit and prosperity shall have 
attained a proper height, and miserable speculation 
give way to a generous encouragement of the arts, 
a. Vitruvius and a Palladio may be found. The 
domes of science will then be seen raising their 
heads where now the stinkweed rattles in the 
breeze ; the broad arc, embracing the Potowmack 


with its friendly ‘arms, shall-disencumber its tide 
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from the mean pile-work with which it is now ob- 
structed; and the Tiber of America may rank 


gloriously among nations. 


There are many other Bridges erected in the 
United States, and in other parts of the world ; that 
we have not here noticed, most of them being of a 
character not very interesting ; and as we have 
already exceeded the bounds allotted us in this 
work for the History of Bridges, we shall now pass 
onto a recapitulation or index of those we have cited, 


and offer some critical remarks thereon. 
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BREADTH, HEIGHT, ARCS, CHORDS, MATERIALS. 


FT. FT. 
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BREADTH, HEIGHT, ARCS, CHORDS, MATERIALS. 


FT. PT. 
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28 - - - — - Stone and Wood 
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BREADTH, HEIGHT, ARCS, CHORDS, MATERIALS. 


¥T. FT. 
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Pace. sire wHerRE BRIDGE 5 ane BUILT. LENGTH 
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* By the e fore pong Index, ‘the reader will not only be as- 
sisted to find more readily any particular Bridge he may 
wish to refer to, but also he will at once learn, what j is the 
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MATERIALS. 


Timber 

Timber and Stone 
Timber 

Timber | 

Timber 

Timber 

Timber 

Timber 


_ Timber 


Timber 
Timber and Stoné. 
Timber 


Timber 


‘Timber 


_ Timber and Stoné 


Bejucos | 
Single Rope | 
Rock 
Rock . | 
Timber 
Various 

Stone 

Chains |. 


Timber 


greatest length, breadth, height, or number of arcs, contained 
in any Bridge recorded in history; as also. the greatest alti- 
tude and span of any single Arc heretofore erected. 
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REMARK S;¥* 
ON THE BRIDGE AT BABYLON: PacE 36. 


-* This Bridge is the first that we have any account of in an- 
cient history, as being erected with a single arc and of dura- 
ble materials, and perhaps, with some of our modern sceptics, 
who agree to believe in nothing but what taeir eyes have seen, 
a question like. ‘this may arise, ‘namely, ‘who gave the plan? 
or taught the sons’ of. -Noan, in those early days, to build a 
Bridge with a single. arc?. The.answer with every wise man 
will be, as follows : He that set his Arc or Bow i in the clouds, 
man’s great PRECEPTOR ; he alone could: furnish him with 
the most correct and siiitable plan for’his Bridges. 

Whether this be the first ‘specimen of an arc being applied to 
a Bridge, it matters not; for: although some. mathematicians, 
‘since . those days, have. dreamt of- such’ wonderful. discove- 
ries in the. science of arcs-of. lateral pressure, whereby 
they. have. partly - filled volumes with their bewildered no- 
tions and complicated: rules, to find the arc of various forms, 
yet, there is no question but the arc of this Bridge possessed all 
those requisites that: are to be. found in any that are built in 
the present. day. For we naturally infer, that if it had not 
been erected upon correct principles, its extensive span would 
have procured so speedy a downfall, that the historians who 
furnished us ‘with the account of its erection would 2 also have 
added the time of its destruction. . 

‘The bricks wherewith the arc in question was” built, we 
read, were: cof lar ge dimensions, and, instead of the sorry stuff 
profanely called mortar, or cement, W which our modern buil- 
ders use in the present day for the setting of their brick and. 
stone-work, these. ancients had ‘skill to. prefer the bitumen, a 
glutinous slime, _ ‘which, as soon as ‘it was set, became so uni- 
ted to the materials, that, by the time the arc was closed, or 
keyed, the whole composed one’ solid mass of equal firmness. 

The vast dimensions ..of, this. arc far exceed any built of 
brick or stone, in Barope' or Ameri ica, 
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REMARK S» 
ON CHSAR’S TIMBER RRIDGE.—=PAGE 40. 


* This kind of scaffolding in water, which by some in the 
present day is profanely called Bridge Architecture, is sup- 
posed to have been first introduced by Junius Casar, as a 
temporary expedient to transport his army across the Rhine. 
Whether this be the fact, or not, is quite immaterial: one 
thing is evident at first sight, namely, that by the timber 
piles or. scaffold-poles of this, his formation, being drove 
obliquely into the bed of the river, not only Casar’s me- 
chanical skill was here somewhat manifested, but also his 
skeleton structure was sure to prove much stronger for its 
intended purpose, than any of those erected in the United 
States, with their posts perpendicular. And as a cer-. 
tain strength in these silly formed structurés is highly neces- 
sary to their existence, and which strength is alone to be de- 
rived from the degrees of strut or brace which the standards 
possess, we are led to conclude that there has been a great 
falling off in this swb/ime mode of Bridge building. How- 
ever, if this defect or decay in the building of these structures 
be the signal for the speedy abolition of such Bridges in this 
country, the public ought greatly to rejoice. It has long 
been the author’s most fervent wish that the period may 
not be far distant, when the beautiful rivers of America shall 
no longer be annoyed with these and other-nuisances,t which. 
are every year endangering the lives of men, and proving to 
their unskilful inyentors their unsufficiency to withstand the 
natural effects of winter seasons. 


fi Such a3 the North River and Elizabeth-Town ferry boats. 
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REMARK 8* 
ON ‘THE ROPE AND CHAIN BRIDGES, 
ERECTED IN THE EAST-INDIES—PAGE 4A, 45, A6, AZ. 


* Ancient History furnishes us with several correspondent 
accounts of the invention and use of the Rope and Chain Bridge 
in ages past; and. we have ‘selected an interesting sample i in 
this our brief narr ation, for the purpose not only of proving 
the old adage true, that: exper ience makes the master, but also 
that necessity is often the parent of invention. - The origin 

_ of these sort of Bridges we find illustrated in a way and man- 

;ner that would do credit to our modern i inventors, could they 

possess the” like honesty and candor. The: ancient Norden 
Tichly proves that he was in possession of both these valuable . 
Tequisites, when he on this subject thus observed: “ We be- 
held with wonder and amazement the busy spider dancing i ily 
an autumn morn, upon a slender thread of her own spinning, 
fastened from tree to tree’ at several feet distance ; this gave 
us our plan for’a Rope and Chain’ Bridge, by which we SOOIt 
- found a way to pass many deep and dangerous rivers.” 

The first expedient of this kind made use of by the ancients 
was a single rope made of twisted creepers stretched from 
shore to shore, with a netting or hammock attached thereto; 
but they soon found it needful to improve on this plan, by 
adding another rope, and placing them both within, a hoop, ia 

~ such a _Way ‘that, by the passenger seating himself within the 

circle, “he was enabled ‘by his hands to facilitate his approach 
- to the opposite, shore. But as the duration of these creepers 
proved | very uncertain, | -and often endanger ed the life: of 
‘the traveller, they quickly” ‘abandoned the use of them 
- for a. much str onger material, na amely, links of i iron, of which 
_ they formed chains of various strengths and numbers, for 
rivers of different span The Bridge at Bootan, called Chuka- 
‘cha-zum, we find Aas, constructed of five chains for the road, 

or platform, and two more for the hand-rail or fence for ‘the 
protection of the passengers, ' ‘The same informant also gives 
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is an account of others in a different part of the world, of a 
similar kind to this first mentioned. But, in page 47, he pat- 
ticularizes the mode of construction of the Chain Bridge, so 
exactly similar to those we see erected lately in the United 
States, that we are ready to conclude the ancients lived yes- 
terday. The Bridge referred to is called Selo-cha-zum, and is 
constructed of two chains.. 

After so particular an account as the foregoing being re- 
corded in history for many years, it was not casily to be ex- 
pected that we should find, in any publication of modern date, 
an account of this self-same invention being recenily patent- 
ed in the United States; but, as it is the fact, we shall, for the 
promotion of fair play, give the readcr the words of the wise 
patentee, and then proceed to compare notes with the for- 
mer relation of the ancient Bridges in the East-Indies, erected 
many hundred years ago on the self same plan, and shall point 
out in some brief particulars not only their similarity, but also 
what the author conceives to be real defects contained in all 
such Bridges. 


PORT FOLIO, No. 6. 


A description of the Patent* Chain Bridge; invented by 
Jamus Finury, Esq. of Fayette County, Pennsylvania. 


DESCRIPTION. 


The Bridge is solely supported by two iron chains, one on 
each side, the ends being well secured in the ground, and the 
chains raised over piers-of a sufficient height erected on the 
abutments at each side, extended so slack as to describe a 
curve; so that the two middle joists of the lower tier may rest 
on thechains. The other joists of the same tier are attach- 
ed to the chains by iron pendants of different: lengths, so as to 
form a level of the whole. In order that the chain may sup- 
port as much weight as it could bear, when hung with the 
weight attached to the end of ‘it, the piers must be so high as 


* This patent was granted by the United States in the year one tous: 
and eight hundred and eight See Port Folio for June, 1810. 
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to give the chain a sinking or curve of the one full seventh of 
the span. The ends of the chains must descend from the tops 

of the piers with the same inclination that they take inwards, 
until each end reaches the bottom of a digging, large enough 

to contain ‘stones and other materials sufficient to connterba- 

Jance the weight of the Bridge, and what may chance to be 

thereon. The chains, if only one toa side, must be made 

with fourybranches, at each end, to be let down through as 
many stones, and to be bolted below. These stones are laid 
flat on the bottom of the: digging ; ; other flat stones may be 

placed thereon, to bind and connect the whole, that they may 
have the same effect asa platform of one piece ; four or more 
joists will be necessary for the upper tier—to extend from 
end to end of the Bridge—each will consist of more than one 

piece ; the pieces ‘had best pass each other side by side, so 
that the ends may rest on different. joists on the lower tier, 

The splice will then extend from one joist to another of the 

lower tier, and must be bolted together by one bolt at eack 
end of the splice, The plank flooring is laid on this tier. -It 
will be probably found most conyenient that the chains be 

made with links as long as the space between the joists: eve- 
ry other suspender must attach to a Jink of the chain edge up- 
wards ; perhaps this may best be‘done bya clevis to gothrough | 
the upper link of the suspender, and embrace the link of the 

chain and receiye a key above—the ‘other suspenders will | 
come up through the flat links of the chain and receive a key 

above—the. lower end of the lower.link’ of the suspender may 

_ be made so wide as to Teceive, the end of the sewer: tier of 
joists, . 

‘The author. finned obgery yes thepeis are. cighit of these Bridges, 
erected. -since the year: one thousand. eight hundred and one; 
— the largest is at the falls of Schuylkill, three hundred and. six 
feet span,* one pier ten feet wide ; 3 Peppered by-two. chains 
of inch and.a half square bar. 

One at Cumberland, (Maryland) one: iusaies arid thirty 


* Ifthe ten feet pier is in the. centre of the three hundred and six feet | 
length, the Span of each division i is. one hundred and forty eight feet... 
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feet span, no pier, fifteen feet wide, supported by two chains 
of inch and a quarter bar. 

One over Potowmac aboye Federal City, of same dimensions 
with the last. 

One do. over the Brandywine at Wilmington, 145 feet span, 
no pier, thirty feet wide, supported by four chains of inch and 
three-eighths bar. Two carriage-ways, and one foot-path. 

One do. at Brownsville, Fayette County, one hundred and 
twenty feet long, eighteen feet wide, one inch and a quarter 
bar. ; 

One do. near same place, one hundred and twelve feet long, 
fifteen feet wide, one inch and a quarter bar. 


Having gone through the above description, and also ex- 

amined the account of one of the Chain Bridges erected in. 
the East-Indies, called Selo-cha-zum, page 47, we find, by 
comparing them together, they perfectly agree in the follow- 
ing essential particulars, viz: the number of the chains, their 
inverted curve, the mode of fastening them in the ground, 
their horizontal platform,.and the presumptive means of repair- 
ing, all prove similar. 

But the Chain Bridge at Chuka-cha-2zum, i in the East-Indies, 
and.an other like unto it at Durham, (see.page 45) being built 
with seven chains, must of course be allowed to be of a ibe 
kind than those erected with two only. 

Were the Chain Bridges erected of | late in the United 
‘States the product of a new invention, the notorious defects 
contained in the system would remain the same. We shall 
now attempt to pone out, in a few instances, wherein eeey 
exist. 

It is an axtom that where a structure of any kind depends 
wholly on two parts, if one of those parts fail, and the other is 
not fully competent to support the whole, a downfall must ens 
sue; hence we infer there can be no security in a Bridge 
wholly dependent on two chains, for the following obvious 
reasons. . 

First, the sudden vibra story motion which is created by even 
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an animal of small weight passing over these structures, is 
sure to produce a friction sufficient to destroy the same ina 
short period of time. : “ 

Second, as every piece of iron differs more or less from 
another in strength, by the superior soundness or fineness of 
ats grain, so it is impossible. to furnish a chain, the links 
of which shall be of equal strength throughout. 

Third, if the-former position was possible, yet, as the 
~ strength of each link so-much depends upon the goodness of 
- the workmanship in the tempering and forming of the same, 


it would be altogether erroneous to -assert that every link 
in achain would be. made-alike sound. 


Fourth, could these two last sbi aeal be cancelled, there 
yet would remain another important truth behind, that must » 
greatly conspire to prevent any sound calculation en the 
strength ‘and durability of a Bridge constructed of chains; 
namely, the. inequality of strain or bone dine: pull on the 
_ different links composing each chain... ~ 

: Fifth, may. be added another j important defect, attendant on 
-this kind of Bridge, namely, the natural and certain tendency 
that frost produces upon all iron, to make it brittle, and conse+ 
-quently to Iessen its strength, derived by cohesion. If this 
be a fact, we may naturally .infer that; were the chains fora 

Bridge made strong enough to carry all the weight required, 
in Summer, yet they are liable to break -down with half 
that weight i in Winter, and as it is also a fact that we have 
a right to calculate on double the. weight being on such a 
Bridge in Winter, more than in Summer, through rain, ice, 
_and snow ; then, quere, whether a. Bridge of this kind, if it 
even possessed four times the strength it requir ed in Summer, 
could in any wisé be depended upon in Winter, while it was 
subject to.the unfriendly embraces of an enemy so capable of 
effecting its destruction ? and as the breaking of one link 
would not: only .endanger. the whole fabric, but, very pro- 
bably, utterly destroy it, how easy is it to prove that a 
structure so easily ‘affected cannot be of long. duration, and 
‘that, at the best, they are but mere temporary expedients.,. 
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REMARK 8* 


ON THE BRIDGE AT WANDIPORE.—PAGE 49. 


* The construction of this Bridge differs widely from all 
others that are cited in this work. We shall make a few re- 
marks on its formation. First, that part of the Bridge, which 
is of the greatest span, is composed of four ribs, ov.arms, two | 
on each side, one of which is inserted in every pier, each side 
of the door-ways, in the two abutments. Each arm is made 
up of four logs in-depth; projecting over each other in 
equal succession. The span between the two abutments is 
one hundred and twelve feet in the clear, which, if divided into 
three equal parts, would furnish thirty-seven fect four inches 
to each part, but allowing each side arm to project forty feet 
from each abutment, then the length of each log composing 
one rib will be as follows: The undermost log-will project 
from the abutment ten feet, the second, or next, above twenty 
feet, the third log thirty feet, and the fourth log forty feet; 
each projecting over his fellow ten feet. As the butt end of 
each log is placed inthe stone abutment, at an altitude of at 
jeast five degrees, they furnish a strength, for such a small — 
distance as forty feet, far more than the proportion needed, 
so long as the logs remain sound. And the historian from 
whom we have extracted the account in Page 49, informs us, 
that, at the period when he passed over this Bridge; it had then 
been erected more than one hundred and forty years; though 
the logs were all of Fir. What a strange contrast with the 
Bridges of art erected in the United States of America! But, it 
is not too late, if we are not too wise to learn of the ancients, 
as faras they excel, how to build Bridges. We purpose in 
the sequel of this work to show, that though the above Bridge 
does indubitably possess, from sundry causes, a considerable 
strength, for a plan so simple to furnish, yet that arib of 
the same’ length, built on the author’s patent plan for Bridges, 
with one sixth part of the timber here used, will not only be 
much stronger fer its jntended purpose, but wil, also, be able 
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to carry triple the weight ; and as we shall have occasion te 
refer to this Bridge again more particularly in another part of 
this work, for the purpose of exposing the insolence of certain 
sceptics, we shall for the present decline any further observa- 
tions thereon. 


‘R E M ea R Ks a" 
ON THE BRIDGE IN CHINA WITH ‘A SINGLE. ARC w—PAGE 52. 


%* The account of this wonderful production of art, at first 
sight, exceeds what may be termed the human probability of 
‘the-day. |. The immense span, the awful height of this unex- 
ampled arc, must, of necessity, produce a grandcur in appear- 
ance somewhat resembling the great BuitpEr’s Rainbow. 
And it being built with stone must at once stagger the unin- 
telligent sceptic; and. add one more to the number on the list 
of his impossibilities. But the author hopes to improve the 
subject of this Bridge also t to ‘his advantage, in another part of 


this work. 


REMARKS; 


ON THE RUSSIAN PEASANT’ S BRIDGE MODEL“—=PAGE ae 


i Ww hether, in the © year 1789, there existed so many half 
taught theorists and pretenders to: science as now infest so- 
ciety, we know not; butit seems evidently proved, ‘by those 
who undertook to describe the Russian peasant’s model of a 
Bridge, that there was at least a sample to be found in those 
days. Hence, we observe. nearly two pages of an octavo vo- 
lume taken up with a professed i intention to describe the Rus- 
sian peasant’s ingenuity; but, alas ! all that can be understood 

. by the relation i is, that the man made a Bridge Model. This 
circumstance ‘tends to prove the fact that many tourists, and 
others, who set about describing works of art, by the non-de- 
scripts they produce, very much resemble the conduct of three 
kinds of character S, viz. a boy of dull capacity sent to.a col. - 
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jege to Jearn Latin, the captain of a dullesailing ship, atid a 
foreign ambassador, who has been a long time from his own 
éountry. These persons all suppose, that when they arrive at 
home, their friends will expect to hear many wonderful things ; 
and perhaps the ainbassador may have some expectations of 
his being questioned abotit Bridges. An illustration of this 
ébservation occurred to the author when he first undertook to 
make known his invention to the public. Being invited to 
wait on a company of gentlemen in New-York, who were de- 
siroiis of heari ing the invention explained, among the rest was 
a certain cunning ambassador, who, before the author could 
have an opportunity of disclosing the nature of the mystery, 
abruptly observed, “ ah! this is the very plat of a Bridge that 
I have seen erected in Germany. I éaf tell you, ceentlemens 
all about it; it is made so and S80, so and so, and so and so,’ 
added this wonderful sage, twisting his hands about, aid point- 
ifig out the plan with his fingers! ! Here thé author could not 
but lament that men who are called to fill exalted stations and, 
who by their influence and affluerice inight cherish and promote 
the useful arts, should, by their i ignorance and atrogance often 
prove themselves the chief enemiés ofits welfare ; as the Bridge 
this sage person referred to, had no more likeness to the au- 
thor’s Bridge than that of Czsat, as we shall hereafter dea 
monstraté. 


REMARKS 
ON THE BEAUTIFUL BRIDGE OF THE RIALTO, AT vinrce, 


 * Tt is sufficient toknow that Michael Angelo planned this 
Br idge, to be convinced of its beauty. The masonry is exe- 
cuted in the best style; and the material of which it is 
built, being native, affords more durability than if it were 
brought from afar, ahd in a greater ace attracts the atten- 
tion of intelligent artists. 

The Rialto is justly considered by. travellers as oné of the 
greatest ornaments of Venice. - When viewed from the canal, 
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it strikes the beholder with wonder, that.a single arc of so. 
_ greata span should support the immense weight of an entire. 
street crowded. with houses and passengers, It must be. 
acknowledged, however, that if the Bridge of . the Rialto had 
had the disadvantage of heavy ‘waggons, carts, coaches, &C.. 
constantly rattling over its surface, like other Bridges, there i is 
no doubt but ere this it would have felt some of the diseases. 
which are sooner or later insopariile from ares of later al pres- 
sure. 


R EMARK S.* 
ON THE: bare ‘BRIDGE, AT SCHATFHAUSEY. 


* There: isa glari ing incorrectness in nthe account ofthis Bridge, 
which I am astonished that so many, travellers ‘have repeated. 
That the carpenter of Appenzel might have offered to build — 
his Bridge with a single arc may be true ; ; but that - there 
could be any doubt, after he ‘had built, it with two arcs, whe- 
ther it was support ‘ted by the middle pier or not; is an absurdity 
not to be equalled i in. the most. wonder ful chapter ‘of the -won-- 
derful magazine ; ; particularly as ‘the bridge described aly el- 
bow up the stream, and. .was sure to fall if the pier had beer 
taken away. Enlightened 3 men have much cause to lament 
the weakness of those compiler Sy who, having obtained a cer- . 
tain credit in society, dwell upon wonderful stories, like that of : 
the Schaffhausen Bridge, with all the fondness of dotards. ; 


REMARKS* 
ON THE BRIDGE AT WETTINGEN, PAGE 60. 

* Much has been, said by some: writers. -on the excellence 
of this timber Bridge ; and we confess thata Bridge of this kind 
is far preferable to any built with piers or crutches; but when 

‘the most is said-in its favor, i it still remains a bridge, whese | 
strength depends on the lateral. grain of the timber, and can- 
not be ‘so easily repaired as men have heretofore asserted ; 
especially the. circular ibs, on’ which the whole . fabric de- 
pends. . specimen of this Br ridge may be. seen at Trenton. - 5 
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REMARK S* 


ON THE CAST IRON BRIDGES CITED IN THIS WORK. 


* We conceive that Bridges erected with this sort of mate- 
rial, on a plan suitable for the yaluable purpose, is well worthy 
the attention of those who wish to add durability to the 
strength of structures, that are of so much importance. 

The bridge at Wearmouth, no doubt, ranks first upon the 
list of bridges that has been erected with this sort of mate- 
rials ; and it-would be gratifying to those concerned in its wel- 
fare, if we could add, that it is now in as sound a condition as it 
was when first erected ; but the reverse is the fact. The last ac- 
count, received from respectable authority, states that it was 
then contemplated to make aceintre immediately, to take it 
down before it fell down. The cause stated was, that the 
abutment on one side resting on infirm strata had sunk by 
the thrust which the arc by its weight had produced. This, 
with numberless other past instances, conspires to prove, that 
whether an arc of lateral pressure be built with wood, stone, 
or Cast iron, it matters not; if any part of the structure rests 
on infirm strata, it is sure to become a wreck ; which ful- 
ty demonstrates that an arc of this kind is wholly unsuitable 
for a Bridge. 

It would be a waste of time and paper to descant further 
on the various absurd modes of Bridge-building, which 
emanate from the old. system, where strength is made to de- 
pend solely on the lateral grain of timber ; and although many 
persons will, no doubt, deem it presumptuous in the author 
to make the assertion, yet he does confidently assert, and fears 
not he shall very soon be able to prove, that every other man- 
ner of Bridge invented before the present day, whether the 
work of a Virruvius ora Burr, is but chaff or dross com- 
paratively with that of the author’s invention. ‘When preju- 
dice and infatuation can be overcome, and a proper encou- 
ragement given to ingenuity and _ _ sound knowledge, the 
“baseless fabrics” which are every year thrown over, or 
rather zzto, our rivers, will vanish, and “leave not a wreck 
behind, ie We shall only remark on one Bridge more, 
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REMARKS.#* 
ON SCHUYLKILL BRIDGE PAGE 139. 


* This bridge will no daubt be allowed by all who have ever 
understood the fundamental Jaws of Architecturé, to rank © 
the first onthe list of bridges i in the U.S. on account: of its” 
strength and true symmetry ; and widely differs from those. 
trifling, complex formations, that we witness erected in other » 
parts, and yet which are so much admired by ‘some, aS 
to obtain fy om them the. impor tant name of pretty Bridges: 
but we cannot stop to waste our time on these last unimpor- 
tant fabrics, but must hasten. with regret to observe, that 
‘though the Schuylkill” Bridge be. justly entitled to the 
aforesaid preeminence, yet ‘the dire defect attendant on all 
Bridges with piers and arcs of lateral pressure, it is said, has 
made. some small impression . on this expensive structure. 
But we earnestly hope, for the encouragement of those con- 

cerned i in the welfare of this Bridge, and who by their perseve- 
rance, in the first instance, accomplished - the bold enterprise 
of its erection ; daring to surmount every abstacle to the final 
attainment of their wishes. For the sake of such persons alone 
we hope the fabric may not in any wise prove ruinous, as to its, 

. strength, till they. have-in some good degree realized a re-_ 
turn of. their capital with an interest suited to reward such 
spirited exertions. , ee 

Such men, as the &“ Schuylkill Bridge Gpmipany have. 
proved themselves. to be, are mone suitable to car Sh into execu- 
tion great plans. . co 

Ww e shall now leave, for the present, any further remarks on 
the different Bridges described i in this work 3 and proceed te. 
the illustration of amore important invention for Bridges, 
than has eyer before been recor ded i in history. And the author 
has no doubt of proving ‘ta’ the satisfaction of those to whom 
this work is ‘dedicated, and who are alone’ wor thy of the~ in- 
formation (a -may- ‘afford, ‘that: this his invention for Bridges, 
does not only possess all and every the requisites suitable to 
prevent the failures attendant on all other Bridges through _ 

the defective mode of. their constr uction, but also fur nishes 


many other i impor tant advantages 1 never before realized j inany 
Bridge. 
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INDEX 


OF THE TECHNICAL: NAMES 
; OF EACH PART ‘BELONGING TO 
T. POPE'S FLYING PENDENT LEVER BRIDGE, 


ALPHABETICALLY ARRANGED. 


[AJ] THE FULCRUM. 


(Plate 1, fig 1.) Ina lever of the first order is the 
part called the Fulcrum, or prop, on which point also 
the Bridge would pivot, or turn, were the abutment 
of lesser weight in preporen to the projecting arm.. 


[B.] THE WEIGHT 


(Plate 1, fig 1.) In a baror beam, wholly- balan: 
ed on the fuloruin A, would be termed the weight: 
- but, as the abutment of this Bridge 1s supposed to 
rest regularly on the land from A to B, so the whole — 
length of the abutment is to be considered as COM: 
posing the ii : 


[C.J THE POWER 


(Plate 1, ‘ee . ,) Is the part, in a crow-bar, as a 
- lever-of the first kind, where the hand is applied, 
and would be called the power ; but as the whole 
of the distance from the perpendicular of Ato C 
is the part which makes up the arm of the Bridge, 
so in like manner, by its extra length, it becomes 
the power. , 3 
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[DDD.] THE CAP PLATES 


(Plates 1 and 2) are the cap- -plates for the top of 

each rib, composed of sundry. pieces of, timber 

spliced and. tabled together, and are of such mag. 
nitude as the extent of the Bridge may oe 


LE E EJ THE HORIZONTAL LEVERS 


(Plates 1 and 2, fig. 1,-and 7). are the horizon. 
tal levers, which are also termed longitudinal nee- 
dles, as they pass in the interior of each pair of an- 
gular levers, and are of such number and magnitude 
in each rib; as the. extent of the ee oy, re~ 
; quire. Race eee . 7 wae 


[FFF] THE Asst RAILS — 

| (Plate 1, fig Land 2;) are the archivolt (or sofht) 
rails, which are placed at the bottom edge of each 

rib, spliced and tabled like the cap-plates at D, and 


are of such magnitude as the extent of each Bridge 
may require. 


[GGG] THE ANGULAR LEVERS 


Plates 1, and 5, fig. LG and R) are the angu- 
lar Levers or Voussoits. ‘These perpendicular logs 
are to be framed in bents or pairs, as they support 

and. enclose the longitudinal levers by resting in 
each. other on ‘their end. “grain tusks, cut out of the 
| salid timber.' ‘a 
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[H.] ‘THE IRON CHAIN BANDS 


(Plate 1, Fig. 3) are the Iron Chain Bands to fas 
ten the angular levers together, as they. are lowered. 
down from off the top of the Bridge in, building, 
and by which means also the Bridge is. easily.res 
paired. 


[1.] THE RESTING-PLATES | 


(Plate 1, Fig. 3) are the end-grain resting plates: 
of the angular levers, on. which the above chain- 
bands are fastened. ag 


[K.] THE CHAIN-PLATES. 


(Plate 1, Fig. 4) are chain-plates, intended: for. 
screw-bolts, that may, in some cases, be used instead. 
of the above chain-bands and keys, or -where the 
said chain-bands will not suit, such as for apy -plates. 
‘and. archiv olt- rails. 


[L] THE SCREW BOLTS 
(Plate 1, Fig. 4) Screw-bolts and nuts. for the » 
game. The above chain-plates, and bolts, that pass 
through the angular levers, may be taken out, and 


locust trunnels inserted in their stead, when the twe 
arms of Bridge are united in the centre. 


M4 ; THE BUTTRESS "TIES 


(Plate 1, Fig 1) Rear Buttress Ties, which: are. 
to prevent the weight of the projecting arm from - 
lifting partially any part of the stone abutment. 
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[NNN.] THE DECK BEAMS > 

(Plate 2, Fig. 6 and 8) Are the deck Beatiis, o# 
which the longitudinal deck or floor is cogged down 


and secured; and by which the cir cular aap of 
the’ outside ribs is regulated. 


[OO 0.) HE CARRIAGE DRIVES 
(Plate 1 and 2, Fig: 6 and 2, ;) are the spaces dl. 
lotted for the cattiage drives, when it is intended that 
the wheels shall run on iron skids, to save the deck. 
‘These are secured by fenders of whole timber partly 
rising above the deck, by the sides of which the 
said castsiton skids aré affixed, for the wheels of 
carriages to run on; also, the said carriage- -drives to 
be covered with rough plank, for the horses to tram. » 
ple on, to save the lower deck. | : 


pe P Pp P P P. A: ‘THE CARRIAGE FENDERS 


‘(Plate land 2, Fig 6 and 8) a are » the sforewia cars 
riage Fenders, which, by being cogged down on the 
deck- ‘beams, afford, a dong ecainal tie. 


a) QQQ] THE FOOT. PATHS 


(Plate 1 and2, Fig, 6 and 2). are the éverhanging | 
Gallery. Foot-Paths, placed on the outside of tlie 
ribs, and supported by the projecting ends of the 
deck-beams, on which each log that composes the 
foot-path, on each side of the Bridge, is tabled to. 
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gether and cogged down like the carriage- fenders at 
P, Py P,P, P, Pp. 


[RSTUY.] SIGNS OF DISTINCTION. 


(Plate 6, Fig 1) are signs of distinction, to iflus- 
trate, by the laws of the inclined plane, in what pro- 
portion the gravity of the angular levers in the buil- 
ding of each arm presses back towards the abutment 
from whence they sprang; also what portion of that — 
gravity rests on the end-grain of the said angular 
haere 


rv, V,V, ve THE STANCHEONS. 


(On Plate 1, Fig. 1 and 2) are the cnates in 
the section of a roof that may or may not be added 
to a Bridge onthe author’s plan, formed out of and 
belonging to every king-bent, or sixth angular le- 
ver, for the purpose of supporting the purlin-plates, 
on which the rafters of the roof are to rest ; conse- 
quently they stand at the same angle with the ang 

lar bents or levers. 


[W.] THE ARCHIVOUT SPAN BEAMS, — 


(On Plate 1, Fig. 2, 9 and 10)are the Archivolt 
span beams, which may be of the form of a double. 
isosceles wedge, as Fig 10, or that of a prism, as 
Fig. 9, in either shape, one half the sueoEty of 
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timber will furnish the full strength of a whole 
square beam, to carry its own weight, for the length 


required ; the upper and under sides of each figure 
being placed peal to the horizon. 


[TX]. THE. TRAN SOM BRACES. | 


(Plate 1, Fig 2)] Internal transom braces and aking 
post props to the deck-beams. ees 


{Z3- . THE OBELISK.: 


(Plate. 1, Fig. 1.) A. stone: obelisk for an abut. 
ment, in the interior of which are sundry: timbers. 
-and bars’ of iron, to connect and tie the whole to- 
~ gether eu ae 2 , 
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A 
MATHEMATICAL DESCRIPTION 
OF THE 
FLYING PENDENT LEVER BRIDGE, 
| INVENTED BY THOMAS POPE) | | 
ARCHITECT AND LANDSCAPE GARDENER, NEW-YORK ; 


PATENTED 


BY THE UNITED STATES OF AMERICA. 


PROPOSITION 4. 

The PRINCIPLES, SHAPE, CONSTRUC TION 
and EXTENT of this Bridge differ wholly from all 
others before invented; and it may with pro-— 
priety be termed, a Flying, Pendent, Lever Bridge. 

SCHOLIUM. 
First, because the arms of this Bridge spring: from 
the abutment on each side, and extend over a river or 
space, till they meet in the centre, and form one single 
arc, without ceintres, or support of any kind, while 
building, save the abutments from which they spring. 
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Secondly, They fly out and are suspended. in the 
air. Thirdly, they hang or jut over. ’ Fourthly, 
of are > Supporter above the eee 


NOTE. 


These terms are to be understood, as chastely ap- 
plying only to this sort of Bridge i in particular, as it 
differs wholly from the ‘ancient military flying 
Bridges, which were constructed of pontons, leather 
boats, beams, hollow: casks, blown bladders, and 


the like, commonly, called. pm volant, or r pons duc- 
LATIUS.» O 


| pron, 
PRIN CIPLES. Ist, The printipies : ‘of this 
, Bridge, as a whole, are founded on ee ouka) No, 1. 
- “SCHOLIUM. 
Each half Br idge, | before it is united i im the centre, 


isto be considered one body ; then the fulcrum, or 


prop, if it weré intended to move, would be be- 
tween the - weight, which is the: abutment, and the 


power, which is the: Projecting. arm of the half 
Bridge 


“COROLLARY. 


-"Phérefore the abutnient, on all oc caslons, ist - be 

of such weight as will be “more - than ‘sufficient to 
counterpoise the said projecting arm while building, 
and. also. all the men and maaterials eniployed:& in | the 
erection of the same. | 
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PROP. 3. 

Qnd, The manner in which the arms of a Bridge 
on this plan are constructed in the internal part also 
constitutes each rib distinctly a compound lever of 
the first order, with continuity. 


SCHOLIUM. 

The above proposition is obviously true, whilst 
the arms of the Bridge, which are finally. to compose 
the arc, remain disunited in the centre; as every 
last pair of angular levers lowered down on each rib, 
in the building of this Bridge, by their gravity, not 
only contributes to the locking back, and perfectly 
securing those logs or levers previously added, but 
they furnish also new fulcrums or supports for the 
succeeding levers to rest on: (see plate 1, fig. 1, at G. 
alsoplate 5, fig. 1, at R) but as soon as the arms of this 
Bridge are united in the centre, then the said levers. 
are wholly relieved from that gravity which before 
constituted them in action. But although this be 
the case, there cannot ensue a lateral pressure from 
the abutment to the centre, as exists in all other 
arcs, for two obvious reasons: first, the two arms 
and the two abutments of the Bridge are now become 
one perfect whole. Second, they are tied together, 
longitudinally, by more strength than their own 
weight could tear asunder perpendicular ly. 


COR 4. 


Hence, were it not the fact thata space or vacuum 
did exist in the joint between each log at this period, 
instead of a medullary substance, the whole might 
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be then well compared to an arc cut out of the end 
grain of one immense log of timber : as each of the 
logs composing the whole of an extended arc are so 
tabled or-indented into each other, that no one single 
log can of itself move out of its place. 


COR. 2 


Therefore it. cannot. be. true, in any degree, that. . 
either the arms, distinct, or -the arc, as a whole, depend 
in any measure for ‘strength, or can derive any essen-— 
tial support from their being united in| the. centre, as. 
must be the case in all. ares on the old ee of a 
pressure. - | | 

_ For the only: advantages t to a derived from sich 
an unity in this plan is, first, the preventing that vi-. 
bration which the gravity’ and- motion: of. bodies 

create in passing over any extended arm ; ‘secondly, 
By the unity of this Bridge in the centre, the arcs on 
the sides thereof, which are perpendicular to the hori- 
zon, are perfected. This last article is a valuable ac- 
quisition in the author’s: Bridge, and not possessed 
by any other. ‘We shall explain it more particularly 
under our next pr oposition. | = 


‘PROP. d, 


“SHAPE. “The exter nal shape of all Bridges on 1 this 
invention Ww ill of ‘necessity be as various-as the sites 
on which they are required to be built ; and will also 
differ widely in this. respect from all other Bridges 
her etofore invented, especially : as security against the. 
extra pressure produced by wind and fompests is 
Baty furnished. 
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The shape of Bridges on this plan, that are re- 
quired to be built in exposed situations, is regu- 
lated according to the exigency of the case, in the 
following order. 

RULE. 4. | 

1. If the foundations for the abutments on either 
shore should-be unsound, then the under part of the 
said abutments must be concave, either in an elip- 
tical, conical, or spherical form, according to cir- 
‘cumstances, See foundations, plate 4. 

2. 

According to the degree of infirmness in the said 
foundation, so will the width of the lowest part of 
the abutment be increased ; such increased width to 
be lost or expended. perpendicularly in a battering 
concave circle, on the external sides of the said 
abutment walls, sy the time they are erected to their 
full height ; or the said extra width may be lost or 
diminished in the side buttresses thereof, where 
they occur. 

. 8. 

. The abutnients in such like foundations as the last 
mentioned may be built in various forms, suited to 
the requirements of the local situation, one of 
which may be on the plan of two plane triangled. 
stone pyramids on each shore) the bases of each to 


be concave, on the under side thereof, toa certain 
height. See plate 5, fig 1. 
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Where a Bridge on. this sublime plan is required 
to be built in or near a commercial city, then the 
abutments ~ may profitably be appropriated to so 
many warehouses, storés or even dwelling, houses, 
as the walls requisite to furnish gravity for the coun- 
_ terpoising of the. arms will allow. See the eastern 


abutment of a Bridge represented over ‘the Hudson, 
in the Frontispiece of this va. | : 

The importance: of the shape of this Bridge is 
particularly illustrated i in the side arcs of that part 
which extends over a river. by which. security is 
furnished against. the pressure which ‘the wind and 

tempest often produces... | n = 

The degrees of brace. necessary to a a thilge’ of 
vast extent, on. this plan, built in the most exposed. 
‘situation, need not exceed a segment of a circle, the 
versed sine or conjugate diameter of which is one 
‘to twenty : but. thére are’ few situations’, wherein a 
Bridge of this kind would require so great a brace; 
as it is ‘so compacted together in its. own formation 
as to render it capable. of. ‘resisting a vast pressure _ 

was it even on the old. d, plan of f peel, width from . 
end-to end, ee 


The next interesting - part we shall. describe; 
is the various" forms which the “spacious vault of ; 
these Bridges may be built on. "And first the au- 
thor would observe, that he is in no case confined 
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io any particular shape ; but the most favourite form 
for an extended arm to be framed in, is that of an 
isosceles wedge, extended from each side, the small 
ends of course joining in the middle, terminating 
towards the fulcrum with intersecting circles of dif- 
ferent radii, according to the proposed height the 
archivolt is intended to finish above the wharf ; en- 
ding finally with a scroll,seeplate 5. fig 1, which when 
completed is sure to furnish a grand parabolic 
arc. But, as the sine and co-sine of the arcs of 
Bridges on this plan will differ according to their 
various situations, so also will the form of ‘the arc of 
each Bridge be diverse from each other. 
PROPS: 

CONSTRUCTION. The mode of construct: 
ing a Bridge on this important invention is, perhaps, 
the most singular, and also the most simple, of any 
that has ever entered the mind of man. We shall 
illustrate its peculiarities in the following order. 

PRELIMINARIES. 

First. A Bridge on the principles of this invention — 
may be erected wholly of timiber, or of stone, or of 
cast-iron, without ceintres or support of any kind, 
while building : but each Bridge will be cease! te 
a different shape. 

Second. A Bridge on this si may be erected 
of any altitude required, as also with or without a roof. 

‘Third. The abutments of this Bridge, in appro- 
priate situations, may be erected with warehouses, 
stores, or dwelling-houses, that would pay well fer 
the expense of their building, ina short time. 

27 
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Fourth. The front pedestal or wharf to the 
_ Bridge is so constructed as to furnish a grand accom. 
modation of shelter to the landing of costly goods 
from shippitig, that are intended to be housed i in the 
warehouses. 

Fifth. The arms of | a SBPapey on this ae if 
built with timber, are also so constructed, that each 
part can be repaired. with greater ease and less ex-. 
pense than. any other regular built ee her eto: 
fore invented. Ce aise 

Sixth. The timber’ in eee parts which form 
the stamina of this Bridge are placed in so advanta- 

geous a position, that, agreeably to the laws of nature, 
it’ cannot decay 's ‘SO, soon as, the: timber in other 
Bridges. “go's pee rane 
Seventh. “A. Bridge 0 on ‘this ee not faving a 
oof, may, on any emergency, be disunited in the 
‘centre, forty or fifty. feet, or more, in the space of 
four. or five hours, ‘and, at-a future period, be repla- 
eed as before, without the addition of new timber. 
~ Eighth. ‘The arms of this Bridge are built with 
as many ribs as the extent ‘and situation demand. 
If the situation be. much exposed to. strong. wind 
-and tempest, and. the extent be ‘also. great, then the | 
Bridge is supplied with a ‘brace suitable to with- 
stand its force ; which brace is acquired onall oc- 
_ casions by an extra width being added to the abut- 
ments, and which: width is lost or diminished to 
the centre. of the Bridge, by a concave segment of 
a circle, back to back. . See plate. 3, fig 1. The 
length of the deck. and archivolt span- -beams bems 
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therefore wholly dependent on the extra width of 
the Bridge at the abutment, the number of the ribs 
to each Bridge will also of necessity be regulated 
by the same cause. Therefore, if the width of the 
arms of the Bridge at the abutment exceed from 
thirty to forty feet, then there must be three ribs to 
each arm ; if more than sixty, then four ; if more than 
eighty, then five ribs. Butthe extra width of the 
abutment, whichis alone for the procuring a brace 
to the flying arm of the Bridge by an are on each 
side, perpendicular to the horizon, will in no in- 
stance affect.the width of the Bridge at the centre ; 
as that will invariably remain the same, and need not 
on any occasion exceed twenty-eight feet. No 
Bridge on this plan will he materially stronger, on 
account of an extra number of ribs, as the strength 
will always be proportionate to the strain, Every 
rib built of timber is made up of two yee or thick- 
nesses. 

Ninth. A bill of scantling for the timber of a 
Bridge on this plan being first ascertained according 
to the rule laid down in this work, for all Bridges 
not requiring a greater altitude on the upper sur- 
face of the structure than four and a half degrees, os 
schedule of bills of scantling for Bridges), t 
logs are hewn to their size in the forest where = 
are procured. Ifa Bridge is to be built with two ribs, 
then eight logs must be 6f one size. If three ribs, 
twelve ; if four ribs, then sixteen, and SO on In suc. 
cession ; being four logs of one size to each rib, 
throughout the Bridge beginning atthe shortestlength, 
which, for all Bridges on this plan, is six feet neat 
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when framed. “We shall now, for the sake of perspi- 
cuity, confine ourselves to the illustration ofa Bridge, 
the arms of which are supposed to be built with two 
ribs of timber, and the abutments of stone ; being the 
materials most eligible, for the purpose inthis coun. 
try, in the present state ‘of arts and sciences. 
Tenth, -The length and number of the first set 
of angular: levers for the centre of ‘a ‘Bridge being 
described. in the. preceding preliminary, we ‘now’ 
- proceed to show that ' every ‘succeeding set of logs, 
for nine tenths ‘of the distance from the centre to 
each abutment, which’ is to be used in the same 
order, will be increased i in length, one inch to a foot: 
of the breadth of the: end of. said: logs on:the line of 
~ “the archivolt 5 being the proportion of: the isosceles 
 -wedge, or form fixed on‘for-an arm of the degrees 
of altitude first -mentioned- -Butthe logs making 
up the remaining tenth part of the length of the arm 


_ next to the abutment - will be ‘increased in. their 


_ length more. ‘suddenly: on account of the cliptical 
eye of the arc which forms a parabola of handsome 
a appestance and pen: senehy See ae 5,. 
fig. 1: : 
a8 “Bleveath: “Every: timber ribs 1s nialle up > of two 
7 “iisckneised, as before remarked, whereby the hori- — 
zontal ‘levers, E, E, E, on Plate 1, fig. 1, and Plate 
PBs: fig 7; are. inclosed. in the internal part thereof. 
~The thickness. of each rib: at the abutment i AS: three 
feet (if the. length of the arm be’ ‘one thousand), or 
‘as much’as the largest logs that are sound will 
"average, the thickness of the extreme énd of each 
ib where they j join | in the centre of the Bridge ts 


Plate 2. | 


Creometeccal Vizag of TL Dopes Bredge sn building 


ae 
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one foot neat, the whole length diminishing from 
the abutment to the said centre, in regular grada- 
tion. “Two logs, onall occasions, being hewn exact 
to one size for each semi-rib. The thickness of 
the cap-plates D. D. D, on Plate 1, fig 1, and Plate 
2, fig 6, are the same. thickness as the top edge of 
each rib from end to end, except where the Bridge 
has a roof, then they «will be of greater thickness, as 
the stancheons of said roof -will always pass through 
them. The archivolt rails F. F. F, on Plate 1, fig 1, 

~ and 2, are also of the same thickness as the under edge. 
of the rib, except as above mentioned. The thickness 
of the horizontal levers E. E. FE, on Plate 1, fig 1, and 
Plate 2, fig 7, are-upon fil occasions full one third 
of the thickness of every rib from end to end, but 
the depth thereof is Aegulated oy the, magnitude and 
extent of the arm. 

From this last, aiid the two fore pliminarcs 
it may clearly be. seen that a bill of scantling for 
the timber of a Bridge on this plan may be eniy 
supplied ; as it furnishes a greater variety of dimen- 
sions than a bill for any other formation could afford. | 
The length of the shortest pair of logs for each rib 
never need exceed six feet, by eight inches ‘thick, 
and whatever width any. two may be found to ave- 
rage. From this size every succeeding pair of logs, 
or levers, throughout | the arm. of a Bridge, be the 
‘extent what it may, will increase only one inch in 
the whole length, to a foot of the breadth of the 
end of said log, on the-line. of the archivolt, as Spe- 

cified in the tenth pelea 
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Twelfth, The carriage-drive over a Bridge | on 
this plan may be either on the top of the Structure, 
or between the ribs, In the latter position, if it be 
covered with a roof, the deck towards the centre. 
will hang below the archivolt, or soft of the arc, 
suspended by stirrups. - ~ This deck or floor will be. 
partly of thick. plank and partly of whole timber. 

But the deck which is leyel with the top edge of the 
| ribs must be cogged ¢ down on each beam throughout 
the arm, by which a strength i is added to the longi- 
tudinal tie ; > far. exceeding all that could be need- 
‘ed, were each arm of the: e Bridge wholly dependent 
‘thereon. | | 
Having desiinted Gentian circumstances necessary 
to be.accurately:. ascertained, ‘previous. to the com. 
mencement of the particular and final modelling of 
each part. of the Bridge, prior to its erection, we 
shall now commence our operations in the field,on 
the site where the. Bridge i is proposed, to be built. 

The materials suitable and suflicient for the struc- 

ture being collected on the spot, the first thing of 
: importance to be considered i isa’ suitable founda- 
Gon. ke ai te ee ope te 
* This” isa sibledt very: little “explor ed at the: pr enent’ day 
by. builders i in general, and consequently as little understood ; 
it being “considered by the unskilful part. of that profession, 
as an idle nicety, not worth: their attention : : therefore it fol- 
lows, that’ they: are perfectly unacquainted with any” remedy, 
whereby | to prevent the sinking of a heavy structure through 
the unfavourable. dispersion of the infirm. strata on which the. 


fabric rests, - or: ‘the direful effects of inclined planes when 
called to build: under water. 
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As to the subject of foundations, whether for 
this or any other sort of Bridge, or building, it mat- 
ters not; one fact will be alike certain, namely that 
different situations produce, in general, different de- 
erees of sound or unsound strata, which at times 
the architect is obliged to build on. For instance, it 
often occurs that one side ofa river supplies a 
foundation of solid rock, while the opposite shore 
is nothing better than a bed of soft mud or a bank of » 
loose sand; to build on; which from time to time 
has been drifted from some neighbouring part of 
the river through’a change of the current, or some 
other cause or causes incident to rivers, especially 
where the channel thereof is crooked. ‘The incapa- 
bility of such infirm’ strata affording equal resis- 
tance to the pressure, which buildings by their grav- 


This subject being among the ntimberof valuable consider- 
ations whichthe author’s attention has long since been called 
to-explore, he intends to dilate more fully on this subject 
ina contemplated treatise on Civil and marine architecture, 
‘inchiding the practice of landscape-gardening suitable to this 
country, as also the best and only sure plan of making sound 
turnpike-roads over bogs, or unsound strata, and which plan. 
he doubts not will, on the first trial, seal the final reprobation. 
of those unskilful and - expensive methods, which have so long 
been in pr actice amongst us. One of these sorry schemes has 
been tried for many years, to the i injury of the public, across 
the swamps on the road from Powles-hook to Newark. In the 
said treatise the author will include an entire new andi interest- 
ing plan for Canals, on a more simple construction and perfec- 
tion of strength than any heretofore suggested, and shall as 
above hinted point out particularly the. nature and tendency of 
different infirm strata, as also some sure remedies furnished 
alone by art and experience. . 
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ity must furnish, imperiously call for the interference 
of art, to make up: the deficiency that fature in 
this instance has produced. The author: has. by 
this his proposed. plan done away. the necessity in 
general of building any part of the abutments of a 
Bridge on said plan in water, and by which circum- 
stance nine ‘tenths: ‘of the difficulties, and also the. 
- expense;’ that in’ general: occurs, “in the. erection of. 
the abutments and ‘pier. Sof Bridges on the old delu- 
‘sive. plan, is totally avoided. “But ‘he is also aware 
that some: particular ” Jocal. circumstance’ moy occur 
which may render it * ‘somewhat impolitic: to build the 
_ abutments of his Bridge. wholly: out of the-water, 
according: “to: i intention. He 
_-therefore’ consid importarice, that 
ae remedy i in every.’ itable be’provided, where~ 
: by. the said abutments may _ be: erected even’ in si- 
"tuations the “most unfavourable, with far. greater 
a certainty, and speed, ‘than any” other: heretofore 
- built on the usual al plans. - ge ae 


6 | i ae ee 
| (Plate. A, fig ii: ~and 12, is’ the. ‘section of two 
abutments. for- ‘Bridges’ on thé’ ‘author’ S improved 


oe plans for building. on infirm: strata, either i ior out. 


of ‘the water. ‘Tilustrating © by. two: examples the — 
; shape suitable to the u T part of abutments resting’ 
-on different degr Ss infirm stata, that shall 
be equal 1 to: prevent el er abutment from. sinking 
_ more, than may be pr fiously ascertained, by de- 
monstrative rule. aia ; : 
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 The-concave arcs, suited to the under part of 
each abutment of the ‘different Bridges, will vary 
according to the defects evident in the foundation. 
Some will be mést,suitable; if in the shape ofa con- 
cave segment ofa circle, as at E, on Plate 4, fig 11. 
Others will be preferable i in an eliptical form, with 
more concave arcs than one to each abutment, as at 
N NN. on Plate 4, fig 12. Others again-will accom- 
plish an equal security, by the ae part of the 
abutment being in the form of a concave - eroined 
arc, suited to a stone pyramid, see Plate 5, fig 1. 
And for an abutment in a spherical form, no shave 
more appropriate to the grand object than a hollow 
cone. The side belts of these arcs, where they are 
used as at PP, PP; PP, Plate 4, fig 11, and_12, 
are for the express purpose of detaining and com- 
pressing so much of the yielding strata. as may be in- 
closed immediately under the abutment, but’ which 
upon the old plan of level foundations was stire to 
escape ina horizontal direction, and be dislodged 
' from time to time not only by the gravity which 
the building afforded, but also by, the ground scour 
which the various currents in rivers often produce ; 
and which also must inevitably make way for the 
constant sinking of any. structure thus. situated. 
But by the plan now proposed, the infirm strata is” 
sure to be so compacted. together as to be capable © 
of resisting the pressure of any pe porucrs! weight 
that may he laid thereon. | 


28 
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[-D.] on Plate A, fig 11. Is an inverted are: 
| built between the side walls of abutment with its con- 
vex sidedownwards and its spandrel; springings ter- 
minating in saidabutment walls, by which the pressure 
that the gravity: of the structure affords is regular-. 
ly. dispersed - ‘through: the whole: internal space of 
ground occupied by ‘the: aforesaid abutments. — 
[FF.] Fig 11. Is the= “external side buttresses, 
which tie the stone of timber walls of abutment toge- 
ther and prevent their being separated. partiallyby the 
power of the projecting. arm as has Sas Detore de- 
scribed. a 
[ G. 7: The apertures. in. thé front Sbitmicit walls | 
: for windows and doors, ‘where the vacuum thereof 
is ‘appropriated to the use of warehouses or: ‘any other : 
purpose. | ai 
[ A.] The cdtriage s ativek under roof. . ee 
-[BB.] Foot paths. under thesame ~~ 
Plate 4, fig 12, isa section of the abutaienk of a 
bridge without aroof, » oe 
([K K.] Are two spires of the foundation of which 
are intended by their additional diameters to afford 
strength to the fulcrums « or Bsns to the arms of 
Bridge: | 
(LL. ] Are the abutment walls thi pass 1 thrigh 
the said spires, and to. which the ribs for ae arm. 
of Bridge are united.” a met Re 
ze le Sa ‘Shews. the section Pe the ¢ cross beams and 
pia ee braces thereto. | 


T. POPE’S BRIDGE. 219 


{ H.] Isa covered path in the centre of the Bridge 
for foot passengers. 

M M.] Are the carr iage drives with skids for 
wheels as described in Index. 
PROP. 

The building of the stone abutments antl the 
framing of the timber arms for a Bridge of this 
kind commence on each side of the river at one 
_ and the same time; so that, by the period the abut- 

ments are completed, the timber arms are also 
_ ready to be lowered down; and as the whole of the 
ribs are first completely fitted and put together on 
the field, a vast extended are may be erected in a 
very short space of time, 
SCH rt) LIUM. 

The under part of the abutment being framed 
suitable to the foundation on which it is to rest, 
an oak skeleton of a suitable form is secured to 
the ground cradle in a perpendicular direction, see 
Plate 6, fig 3, which timber skeleton is intended to 
tie the whole -of the abutment together; and is to 
be walled up in the masonry of the inside of the 
said abutment. There are also buttress-ties in 
the rear of the abutment, as at M, on Plate 1, 
fig 1, for the like purpose of preventing the weight 
of the projecting arm, when erected, from lifting 
partially any distinct part of that abutment. The 
whole of the abutments of a Bridge may be erected 
complete, before any part belonging to. the timber — 
arms need be inserted—The stone-work of said 
_ abutments to ke carried up in courses, and each 
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course grouted en cement: and gr avel. The 
mortar to be mixed. and eround in a wooden 
mill of simple construction, ‘made for that purpose, 
whereby a better cement will. be ‘furnished at a far _ 
less expense.—A level surface near each abutment. 
being procured, a blocking ‘i is raised about three feet . 

high froma’ the ground, to. afford: an opportunity of | 


ascertaining the accuracy -or defects of the under. 


side of each rib while framing; this being. done, a 
mould of the exact shape and size of the intended — 
ribs is then fastened on the said blocking, by which 
each rib is accurately moulded. ‘When the, whole 
of the said ribs are: completely. fitted, and -every 
. appertenance thereto ready. for fixing. to ‘the’ abut- 
| ment, then, the . first parts are taken’ asunder and 
~ carried to: their respective stations, on rolling skids 
prepared for that purpose.’ We shall next spe : 
how ine arms of the Beer are to be built. 


- GEOMETYE RICAL ELEVATIONS “AND BLAN 


OF | T. “POPE *S LEVER BRIDGE IN  BEILDING, PLATES hy 43 be By: 


These. fully demonstiats ‘the: simplicity of. the 
- construction of a Bridge On this. plan ; ; and also: — 
of the mode in which it is erected. —The first. ope- : 
ration, after. the abutments . are completed, in the. 
commencement. of the ‘erection: of the ar ms, is to. i" 
fix .in. the abutments ‘the. first length of the hori- 
zontal levers, E Ey “on Plate no fig 1, m. the two - 
| middle sockets, made » for them at L L, on Plate 
A, fig 12, and. Cc C, on Plate 4, fig 11. —The next 
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step «in order is, to fix’ ‘the archivolt or soft rails 
F, on Plate 1, fig 1, in the lowest sockets at C C, 
and LL, on Plate 4, fig 12, and 11, these being 
secured by the means piovided:; namely; by certain 
keys. and wedges, in the intérnal parts—T! he next 
_ thing to be done is to commence: lowering down — 
the angular or upright levers at G, G, G, on- ‘Plate 1 
‘fig 1, and 2, also at R, on Plate 5, fig 1, which 
form the ribs of the Bridge. When a auioiene 

number of these voussoirs are lowered. down, and 
~ secured ‘in their places, . either. by. the iron chain. 
bands and resting. plates, as -at H and I, on Plate:1, 


fig 3, or by ‘chain plates and screw bolts, as at K. : 


L, on Plate 1, fig 4, or by locus trunnels and string 
pieces, or by ¢ any other means, so that the whole. 
width of the logs lowered. down’ exceed 1 in ‘distance, 
from the abutment, the length of the first pieces ofthe. | 
cap- -platesD. D. D, on Plates 1, and 2, fig Gand 1,as 
at A on plate 4, fig 1; soasnot to hinder the succeeding | 
logs from being added, thenthe said first lengths ofthe 
eap- -plates may be fixed in their stations in the abut- 
ments and the building of the arms may. procéedi in the © 
game order, till the whole. are: lowered down, and the. 


arms completed, and united in the centre. ‘The deck - 


or floors to the Bridge are: laid. and. finished: as the | 
arms on each side progress ; but if'a roof isto be — 
added to the Bridge, then. that may be erected : 

afterwards, Every | fourth, fifth, or sixth pair of 

| angular levers. to be distinguished by. the term ‘of 
king-levers, or, king-bents, as by their. having: x 
tenon. formed at each end, which lodges. in the © 
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-cap-plates at the top, and the archivolt rails at the 

bottom edge of each rib, the intermediate levers, 
or queen-bents, «are » wholly defended from’ any 
more pressure than is furnished by the action of 
their own gravity,‘in their station. We shall now 
treat on a mode of defence, provided against the. 
pressure on the timber ; which some of the theorists, 
_of the present day, ‘who understand the nature of 
- timber — best, by ‘the: fruit it bears, aré so much 
alarmed about. 

A kind of ehynteal process, or philosophy by 
fire, may be said: to pass on the end-grain rests of 
the angular levers in each rib, on certain occasions ; 
: whereby a vast strength is added to the timber 
‘composing the arm of the Bridge. ao 
- If, in the erection of a Bridge of vast extent, 
the timber selected for the purpose should be 
what is termed green, or unseasoned, then, the 
iron resting-plates as described at I, on Plate 1, 
fig 3, for. the end-grain rests, or tusks, (or some 
_ other single piece of iron made ‘for that purpose), 

is made red hot, so as to scorch or burn up the 
sap or vegetable acid, in the said rest, to a certain 
amount, which will accomplish two valuable pur-. 
: ‘Poses ; first, it will condense and harden the end- 
grain | of the timber, whereby it will be better able 
to ‘resist. the pressure which the” portion of the 
weight allotted it will furnish. Second, by the sap 
being dried out of these parts, the iron resting- 
plates will not be so Hable to corrode. And as 
_¢he author proposes to use sheet-iron, in general, for 
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his resting-plates and linings, particularly for certain 
parts intended to prevent a compression of the tim- 
ber, the less vegetable acid or sap the better. But 
this valuable precaution will only be adopted in 
Bridges of vast-extent. We now proceed to state 
that the cap-plates and the archivolt-rails aré 
also secured at the top and bottom of the rib to 
the angular levers, by chain-plates and screw-bolts. — 

Fig 2, on Plate 5, is a common lifting crane, by 
which the logs may be lowered down in succes- 
sion, on the end-grain rests of the angular levers, 
or inclined plane, from A to B. But fig 3 repre- 
sents a Lever Jack (as that is the name the author 
has fixéd on this machine, it being one ofhis own 
invention.) The arm of this lever is made out of 
a number of pieces of timber, and is of simple con-. 
struction and great strength. T. is the frame in 
which the weight called the regulator traverses. K. 
the regulator and winch. The mode of hoisting 
and lowering a log | with this machine is far more 
simple and safe, as also of less expense than any 
erane heretofore made use of, as the strength of a 
ehild of twelve years of age properly applied. is 
sufficient to hoist or lower the heaviest log requir- 
ed in a Bridge, whereas it would take two strong 
men. at least to perform the same task with a crane. 
en the former construction ; but as this makes up, 
no essential part in the author’s Bridge, we shall 
pass onto an explanation of the nature and use of 
the other-figures contained on the ‘Plates first men- 
tioned. 7 
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Fig 4; on Plate 5,. represents one of the lad- 
ders, or énclosed stairs; which are placed on each 
side of each rib while building, f or the workmen 
t@ ascend and descend’ upon, to secure the logs 
as they are lowered dowh on eaeh rib; ‘and which 
is’ the only scaffolding needed in the erection of 
the arms of a Bridge on ‘this plan. © - Its construc. 
| tien: is: like unto’ a’ loose flight of stairs, ‘secured 

to the sides of ‘the rib, by iron lever spanners, 
which are’ shifted forward. alternately as the logs 
are lowered down, ‘till the whole of the arms are 
completed. . The treads ‘and risers are. let into” 
_the sides or string-pieces of the ladder, and an iron 
hand- rail is fixed from the'top.to the bottom, to 
whichis. fastened a rope-netting. on the outside of 
each: ladder, with. an extensive netting also at the 
bottom, lined with. canvas, to receive siher men or 
| tools;, that may by. accident fall from the work. 


PROP. 


ie, 5, on Plate 3: Asa diagram on the’ same 
principle ; as a parallel ruler, belonging to a.case of | 
drawing instruments, . and. which is sufficient to 
-prove the important fact, that the “gravity of the. 
angular levers, by. their: position | in the arms of a 
Bridge, does of necessity furnish (while building) 
a retrograde pressure towards the abutment, 


“PRELIMINARIES. 


‘sf * Graiity. ‘is that. force Giheeants a. body 
has a tendency to fall downwards, and, in empty 
space, is called absolute gravity. 


} 
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2d. Power and weight, when opposed to each 
other, signify the body that operates on another, 
and the other which is operated on. The body 
which begins and communicates motion is the pow- 
er; and that which receives the motion is the weight. 


3d. Every body by its gravity will descend 
to the lowest place it can attain. 

Ath. Whatever sustains a heavy pony bears 
the weight thereof. 

5th. Two equal forces acting against one ano- 
“ther, in contrary directions, destroy each other’s 
effects s and unequal forces. act ony with the dif. 
ference of them. bye 


‘We shall now explain the above diagram, not 
only consistent with these axioms, but also agreea- 
bly to the established laws of the semned ‘plane 
and of the lever. 

And first, we shall ascertain aie true state of 
the gravity of the first log, supposing it to be 
resting in part on the inclined plane E Q,; Plate 5 
fig 5, of forty-live degrees, or equal angles ; atid 
also sustained in part by the horizontal end-grain 
rests, or tusks, cut out of the solid timber, as re. 
presented at G and R, on Plate 1, and 5, fig 1, on 
each. And without the: said first log being con- 
nected in any degree with the beam or lever F G, 
fig. 5, on Plate 5. 7 

: PROP. 9. | 

If a heavy body be sustained on an inclined 

plane KF. Q, fig 5, Plate 5, by a power acting pa-_ 
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rallel to that plane, and if. Q D, be parallel to the 
horizon, and DE perpendicular to it, then, if-the 
length EQ denotes the-weight of. the body, the 
height D. EE will ‘denote the power which sustains 
it, ‘and the base Q D the Page against the 
plane. 

Therefore the weight | power and pressure are — 
as the distance E Q,'QD, DE, and as. the distance 
from: Q'to D, and from’ D to .E, are equal, the — 
division’ of the weight of the log i is consequently 
equal on the two planes that sustain it. The state of 
cay - Bravity of the second log is decided by the first. 
oy SCHOLIUM  — 
All the. angular’ levers. that compose the ribs of a 


. “Bridge on this plan are: placed. at an angle. of forty- 


“five or fifty degrees’ from’ aL horizontal. line, ‘but 
] mostly on the former position ; that is to ‘say, eve- 
“ty two logs are so placed, as the narrow and. broad - 

“end of every log being put together in a-rib alter- 
es nately, produce a parallel width, by. which the 


same’ angle is:.continued within about. six. feet: of 


~~ the’ centre, when mer move up toa. perpendicular 
“h See Plate. 6, 6, fig 4, | 


: oR... ye a. 
| “The, spell of the body, the power that sus- : 
> tains it on the plane, and ‘the pressure: against the 
* plane, are. ‘respectively | as radii, the sine and co-sine | 
| of the plane’s elevation above the horizon. - ne 
For. QE, ED, and QD, are to one another as 

radi sine of E BE QD, and sine of QE Dover: 


PLATE. 6. Sins 


Fig. 1. 
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~ COR. 2. 

The distribution of the gravity of the two angular 
logs in the diagram being ascertained, by the same 
rule we prove that the gravity of all the angular 
levers individually composing the ribs of a Bridge 
on this plan, and placed at the same angle, inde- 
pendent of the additional force which the horizon- 
tal levers will supply, is sure to be distributed in the 
like proportional manner; that is to say, the one 
half of the weight of each log forming any rib as at 
R, on Plate 5, fig 1, will be sustained by the inclin- 
ed plane first of the pyramid, or the next adjoining 
_ log in succession as they are lowered down; the 
_ other half is lodged on the horizontal end-grain rests 

or tusks, cut out of the said inclined planes. 

‘We come next in order to point out the additional 
force wherewith the angular or falling levers Q E and 
DI, on diagram, Plate 6, fig 1,* is pressed back 
towards the abutment by the extra weight. and ac- 

tion of the horizontal levers F G, on the said dia- 

gram, and EE, on Plate1, fig 1. We shall now 

illustrate the foregoing fact by the principles of the 
compound lever, No 1 and A,. 

PROP 10. 

‘First, If the lever F G, on the diagram, Ree con- 

sidered distinctly asa lever of the first. order, E 

will be the prop, I the weight, and C the power. 


*As there are some omissions in the engraving of the diagram 
iig 5, Plate 5, we shallrefer our reader to the diagram fig },on 
Plate 6, for the illustration of the remainder of this nro 
tant subject. ae 
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Then if the power and weight be in equilibrio, | the 
power C is to the weight I - as the distance of 
the weight from the support: E is to the distance of 

the power from the support. 
Secondly, Tf F G, ID, also be considered a le. | 
ver of the fourth kind, then, | 
| so AXLOM. ae 
Site a power be outbalanced by. any Geli ina 2 
given direction, it matters not in what point of 
that line of direction: the weight is applied, | : 

| COR. 

if the ‘weight M act obliquely against the power os 
C onthe lever F G the power and weight will be in _ 
equilibrio when the weight M is to the power F as 
the distance of the power F E isto EH, the perpen- 
dicular, drawn from the support E to ‘the: line of 
direction of the. weight. eee ae 
For in this case. HE F besonies' a ended le. 
wer, and the weight M acts perpendicular toE H,. 
‘at H; and, agreeably tothe above axiom, itis all 
one whether the weight acts at H, or I, in. the line , 
of ‘direction I H; ‘and hence, - 


COR. 2. 


If any force be applied to a lever I E F, at yy 
its power to. turn it about the centre of motion: E- 
is as the sine of the angle of application FE: lH. 
“For if Ez ‘ be given, EE Hisas the sine eof E I He 
COR. 3 | 
i; a nigh lever of these three, ‘the power, the 
weight, and the pressure upon the support; ‘the | 
middlemost is equal to the sum of the other two, — 


= 
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For the middle one acts against both a others, 

and a oa them. 
| COR 4. 

Then, if agreeably to COR 2, PROP 9, the an- 
gular or falling levers Q E, and D I, do distinctly 
' furnish by their own action a pressure backwards 
on the inclined plane er pyramid, to the full amount, 
of the half of their neat gravity, independent of any 
force from the gravity or action of the horizontal 
levers ; then, it is obvious, from the foregoing f facts 
stated, that if the horizontal levers are allowed to 
act, they also will, in proportion to the full amount 
of their respective gravities, be sure to add to the 
velocity or pressure on the said angular levers. — 


COR. 5. 


“Also, 2 as every pair of angular levers , by their de- 
crease of length, and the additional height in which 
their upper end is: placed, through the degrees of 
altitude which the arms of Bridges will be erected 
at in general, the weight of every pair of succeed- 

“ing levers is thrown on the upper part of the rear 

angular levers, by which the gravity or pressure 
will be increased. towards the abutment. 

| COR. 6. : 

Fiially on this. head, as the angular levers are 
lowered down, so is the advantage of their retro- 
grade pressure by their gravity towards the abut. 
ment secured, by the longitudinal tie of the cap- 
plates and also of the needles or horizontal levers, 
But, as before illustrated m another part af 
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this work, when the. arms of the, Bridge are uni- 
ted in the. centre, the action of the levers ceases. 


EXTENT. oe aiéecllection of eu many ab- 
surd: opinions. lavished on this invention, at its first 
promulgation, by ’characters the least to be expect- 
_ed, namely, of those who profess : a vast knowledge in. 
- science, the author has been ready to conclude that | 
he woukl ‘suspend for the -present. any information 
on this important part of the subject; preferring 
rather to wait the period, when ocular demonstra- 
tion should sufficiently punish, the gross ignorance 
of these pretenders: to. Science and = enemies fo the 
useful arts. Te a ee oe 
But the author ies les. ae ‘that if a 
Bridge on this plan be indeed capable of the vast. 
“extent he has heretofore asserted, ‘and which, from as 
‘multiplied conviction of the excellence of its princi- 
ples, he still dares to assert ; how dishonorable would 
it be on his part, were he to. shrink from the just 
‘vindication of its true merits, because a mere quack, 
| philosopher and two or three- bookful. theorists, (who 
may be looked up to by. seme as’ Gods in science, 
but who are in ‘reality. of those that. are the ‘pests 
of the arts in every age) because these, i in the pleni- 
tude of their wisdom may 1 think fit to doubt the | 
existence of the vast powers vested in this inven- 
tion, without having once investigated even one of 
ats golden properties. — ian es ag dea 

‘The narrow limits. that : pers somis of this descrip: | 
tion have been aepores to fix for the utmost extent _ 
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of a Bridge on this plan, have at once evinced to 
the candid and intelligent part of the public who have 
chosen to judge for themselves, that these sage 
persons were certainly: under the influence of one 
of two things ; namely, a total ignorance of the in- 
vention, or a contemptible opposition to its success. 

But, as the sons of science in all ages have 
ever had such characters to contend with, the au- 
thor conceives it a waste, of time, at the present, 
further to notice such pusillanimous conduct. He 
therefore shall pass on to explain to the undissem- 
bled friends of science the grand reasons why 2 
Bridge on this superior plan can be erected to a 


far greater distance with a Single arc than any here- 
pete invented. 


PR 0 Pp. iL. 
The arms of a Bridge being framed to the shape at 
an isosceles wedge of the proportion of one to twelve 
for the increase of the depth of each rib (sce plate 3, 


fig 1) the strength of each arm is sure to be equal in 
all its parts, for any extent. 


SCHOLIU M.. 
I a beam were in the form of an isosceles wedge, 
like unto AM Z, Plate 3, fig. 1, fixed.at the end 
MZ, and a weight press uniformly on every part of 
_ AM, andthe sections in all points as I V, be simi- 
lar; then A I will be as TV, and ZV Ax 
right line. Hence, on this plan the half of a square 
beam may: be cut away without losing any 
strength. See Emerson, onthe strength of timber. 
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COR. | 

Jn like manner, whether an arm of -a Bridge on. 
this plan be erected one hundred feet in length from | 
its abutment, as A B, on: diagram fig. 1, plate 3, or 
twelve hundred feet, as A M, on said diagram, or 
any: of the intermediate distances therein marked, it 
matters not, asthey eachwill be alike strong in propor- 
tion ‘to their extent, to carry their own weight, and 
also whatever additional gravity the men and materi. 
als employed i in the erection of the Bridge may fur. 
nish... This fact is rendered certain; not only by the 
above tule, but also by many others. equally in incon-- 
trovertible. ae = Pare 

: ers R 0 P. 

“The small proportion that: as thiéEness afc each 
rib, for the arm of -a Bridge of any dimensions ‘on 
‘this plan, bears to the depth thereof, is also ‘a sure 
mean n of ssenet suited to an arm of extra extent. - 


sc H OL I UM. 

The causes that explain the above fact have been 
abundantly illustrated in practice, in various instan- 
ces, Hence we witness a superior strength, possess-. 
ed in a beam of oblong section, with its greatest 
breadth placed perpendicular t to the horizon, to that | 
of a square beam ; though the former should con- 
tain less timber, than the latter. See Plate 6, fig 5 5. | 

ee ee ea gs “COR. : | 

But: as ‘the greatest strength that a ‘beam of. tim- 
ber of any dimensions will furnish, by its lateral 
grain, is far ‘inferior to that strength or resistance : 
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which the end grain of timber supplies; so ina much 
greater proportion will the timber ribs. composing the 
flying arms of this Bridge be infinitely superior in 
strength to that of any other formation, by their 
thickness being so much inferior to their cepts 


PROP. 43. 


_ The weight of the arms of this Bridge being sup- 
ported principally on the end grain of the timber, is 
also a grand reason why it can be erected to a great- 
er extent than any other Bridge. See geometrical 
elevations of this Bridge in building, Plate 5, fig. 

1, and Plate 1, fig. 1. 


SCHOLIUM. 


The side. logs, or angular. levers, composing the 
ribs of this Bridge from the abutment to the centre, 
all rest in the lap of each other, in succession, on 
their end | grain tusks and Joggles. 


COR. 4. 


‘Therefore , by the length-grain longitudinal needle: 
or levers, being wholly enclosed in the end- grain 
. tubes formed in the internal part of the above men-_ 
tioned. angular- levers, a ‘strength is furnished supe- 
rior to any other formation of timber heretofore wit- 
nessed ; and which strength is abundantly capable 
of, being multiplied beyond what can be needed for 
a Bridge, of any extent, the people of any country 
may wish to erect. 

30 
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By the above end-grin rests and. enti 
tion i is also. eatin against the ‘conapression -¢ or ine 


dention of the timber in the ‘internal part. of each nb, 
in an arm of any extent. eres 
| 3 PROP. ake Pa 
_Thugh the carcagth, of the whole of the timber | 
in the arms of this Bridge is unitedly in action at 
-one and: the same time while building, yet ‘the taking 
out of any § ‘single part to repair, after it is built, can- 
not in the least degree affect the strength ‘of the ; 
Bridge ; ;_as the said strength i 1S, not in one single j in- 
_ stance dependent’ an any. ‘one part ar side of the rib ; 
therefore, 1 ‘the whole of the arms ‘ofa Bridge, of. any 
extent on this plan, ‘may ‘be. repaired at any. period, ‘ 
without the smallest. ‘isk ; ; _which ‘furnishes an ad- 
vantage ‘not to be equalled i in any. other ‘Bridge. ta 


SCHOLIUM. 


7 This last proposition has been partly explained 

“under the head. of | Construction and the. Inclined 

- Plane; but, as the whole of. this. Bridge i is capable 

of being repaired with ‘far more ease and less ex- 

: pense ‘than any, other | heretofore | invented, which i 1s 

an acquisition of. no small importance to, a structure 

of this extra magnitude, we shall fur ther partiqularize : 
the simple means by ‘which j it is accomplished. 

. First. The thickness of each rib being made up: 

‘of two © parts, (see page 211 and, 12) and both of 
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these patts so tabled or indentéd into each other alter- 
nately, as, when the log or logs on oné side be with- 
drawn, those on the opposite side, by their toothings, 
take the full charge of the whole weiglit or strain 5: 
consequently any part may be taken out of one ‘side 
of the rib, at one time, and repaired with the great- 
est ease and facility. 


Second. As every fourth lever or king-bent is 
tenonted into the cap and archivolt- fails, whereby 
the queen- -bents which fill the inter mediate space, are 
protected from the side pressure of any more weight | 
than their own furnishes, it is obvious that. there 

cannot exist more additional pressure on the levers 
remaining, than that which was produced by the for- 
rier Weight the absent levers bore. And as the enid- 
grain of every single log, in its respective station, 
will be able to furnish a resistance to more pressure 
than double the weight of the semi-rib projecting be- 
yond the part where the log or logs are taken out 
can afford, were it even disunited in the centre, there 
can be no doubt of those bents that remain bearing’ 
the half of that proportion, when united. 


‘Third. Each defective log on the sides of cach rib 
can be taken out of its place by the most simple 
means, namely, by unscrewing three or four iron 
bolts, or starting so many trunnels and string-pieces, 
— ifofwood. A new logis then moulded to its shape, 
and placed in its stead, with similar ease. - The only 
scaffolding required for this service being two lad- 
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ders, of the same kind as those first used in the © erec- 
tion of a Bridge onthis plans hae 

Fourth. Every angular lever is not ae aurround: 3 
ed on three sides from the.top to. ‘the bottom by the. 
adjoining levers, as before noticed, “but is also belt-_ 
ed on the fourth or outside by the iron chain- bands. 
or chain-plates ; by which means _ each log i iS SO S€-. 
cured, that it has not room to crush, or break. - But 

‘the relation of this grand and important fact will no- 

doubt make many of our half-taught theorists stare, 
_ who profess to know a i great deal about the strength | 
of timber. eS Sa - es 

| | PROP. 15. — 

‘The ‘upper deck of this Bridge, ¢ on. all. occasions, 
furnishes avast longitudinal ‘brace and tie, by. being 
cogged down. on the beams, as before mentioned ; 

: and i is a mean of strength. abundantly suited to an : 
: arm on this plan of extra extent, ; 
“SC H O L LU M. 


- The decks or floors of this Bridge are always to ibe : 
aid longitudinally, and caulked with oakum_ in ‘the | 


joints or seams, and afterwards payed over. with pitch 


and chalk ;: by. which means, if faithfully. exécuted, 
‘not only a vast strength and firmness is added to the 
/ Bridge, whereby it is made capable of -withstanding 


the pressure of wind and tempest, but. also.a grand 


preservation of the under: part of the , ‘structure is. 
_ secured: without the extra and needless expense: of a” 
shingled roof. as a 
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COR. 14. 


Therefore, ifa Bridge is required to be built in an 
exposed situation, the shape of the ribs perpendi- 
cular tothe horizon on the outer sides thereof will 
be two concave segments, back to back. See 
Page 208. | 

COR. 2. 

But the ribs of a Bridge, even of an extensive 
span, where the situation is not much exposed to 
wind and tempest, may be built in parallel lines 
from end to end, provided the overhanging gallery 
footpaths, which project beyond the ribs on each 
side, be in a concave circular form. These will fur- 
nish a brace of sufficient strength for such a situation, 
and also supply a grand shelter for the whole of the 
fabric under the same, as above remarked. See 
Plate 1, fig. 2. 

COR. 3. 
In Bridges of small extent, neither of the valuable | 
precautions above mentioned will be needed ; there- 
fore, where this is the case, the width of the Bridge 
on. this plan, from out to out, need not exceed from 
twenty t to twenty-six feet, on'any occasion. _ 

Having reconnoitred a-part of the: valuable prin. » 
ciples contained in this invention, whereby a Bridge - 
can be erected to a far greater extent than any other, 
we shall now proceed to furnish the estimate and 
bills of scantling for the timber and other | materials 
required for the building of the different Bridges 
described by sections on diagram,: Plate 3, fig. 1. 
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ESTIMATE 


of the expense “of Bridges on ihis plan of invention, | 
from an’. Are of 200 feet, to oné of. 2400 feet span; ac~ 
curately calculated: décording: to cértalit fixed prices af . 
materials and labour, with tanuple allowance for waste ee 
and easualties. ok . 


Phe réader will. observe; that: tlie author, in ‘tilése 
estiniates; makes no calculations: for building ii in‘water = 
as he wishes. never to” érect his abutments nearer’ “the 
river than the highest water-niark, as in all cases thosé 
Bridges will be sure to be the cheapest. Also »that every, 
ReneS is built i in two. halv eB one from each shore. = S 


ESTIMATE of a BRIDE, 400 et 9 ‘span, a 


This Bridge would be composed of iwo arms; and éacli 
arm of 2 ribs, and each rib is made up of two thick- 
nesses. ~The length’ of each rib is of course 400 feet — 
from the extremity or centre of Bridge A, to the ful- 
erum or abutment B, See Plate 3 3, fig. Aes The neat depth age 
of each rib need not ever exceed 6 feet at the centre, by’ 
one foot thick ; 3 and fourteen feet 4 inches deep. at the | 
abutment, by 44 inches’ thick. The depth regularly ine 
; -ereasing: one inch to ‘afoot, throughout the: ‘arm, till it * 
‘reachés the abutment, and thé thickness of the vibi in- 
: ereasing from the centre to the abutinent, 2 inches in'400° 
-feet3 thercfore the author's measurements are easily eX: 
amined as to these estimates. te ae 3 


The timber ‘composing the angular Se Sys Ses 
levers of. each rib will measure i intheir =. 
work, agreeably to the above dimen- - 
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sions given, 1100. cubi¢ feet ; and as 
ther re are 4 semi-ribs to this br Sasbhe 
number of cubic feet in them contain- 
ed, i is - - é 2 .. 7 


The dimensions of the eap- ites 
and archivolt-rails are as follow: s; 100 
feet long, 12 inches square at the cen- 
tr e,and 14 at the abutment. 4 times 

The dimensions of the needles or 
horizontal levers, i in this Bridge, are 
400 feet long ; 4 by 42 ‘inches at the 
small ends, and 6 by 18 inches at the 


largest end. os & times — 


The average dimensions of the deck 
or floor of Bridge, is-28 by 100 feet, 
and will contain at - times 

‘The average dimensions of the deck 
and tie-beams w ill be 28 feet long. 


Their shape being somewhat in the 


form of a prism, in their section will 
ayerag ee 6 by 12. - =. 60 times 


Allowance for. working, , and waste 
of timber - - - as 


Total number of eubie feet of tim- — 


ber required for the two arms of a 


C fect. 


4,400 


240 - 


4,800 


1,680 


8,560 


| caiman ; 


Ss 


(AAO. 


Bridge of the above dimensions, | 40,000 at Zon 


Labour to do. at per eubie es the. 


number of feet used in the arm with- | 
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$. 
2500 
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out the allowance for waste, which’ gg 


willbe 8560 - .- + = = at 22149 
Iron work to Bridge er ee eee * £000 

- Materials and Jabour for caulking RS dhe, ha. * 
of the deck of Bridge ee ras ae om. _ 1000 
To apparatus for he the ams Pas . ' 

: of ‘Bridge™ - leh. ie - - oe -~ 4000 


To two abutments built of Stone: and Beas 
“brick, with a toll-house on each, of. tim- or ee co 
ber, " with gates, lamps,é &e. e- complete oa. = 8360 


ene Total éxpense 46,000 

: “The sum. ntotal, a6 hee, s Sound will execu in many ivin~ 
| “ stances, . more. than five-and-twenty per cent. over cand 
‘above what a Bridge of this dimensions could possibly 

cost in favourable situations. And as the price of ma- - 


terials and Jabour differ so widely, in the various. parts 7 


} ‘ofa country, as: also the local advantages and disadvan- : 


tages, ‘itis not. to be expected that estimates ean be made. 
“to form a ‘standard for all places ; as these are more par- . 
seal ‘applicable - to New-York, ‘and ‘similar. ‘situa- 
“tions, but which is néver likely to be exceeded i in any 
~ situation in the United States. - ee oe ga 


| ‘Having. given the Estimate of a Bridge of 200, feet 

; ie the ¢ arms of. which: are ‘the proportion of the section 

: a A to: B, on fig. i Plate BS: we shall: proceed by the : 
‘same rule: to. ‘give, the probable. cost of the different | 
_ Bridges described dby the zaid sections. ae ) 


PLATE. 3. 


SCCU0NS of twelve semi arms Shr alge figs. 


contained between two csosceles Giangles. 
i tf hs 4 fe, fo fro: ta : 4200 


4 : ase 
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Ey J fig. 12. 


fig.13. _ 4 EC )\w 
© ‘ : 


The Estimate of a Bridge, of 300 feet span, % 
built on the same proportion as the former, is - 25,000 
Do - - of 400 feet spanby section AtoC 36,000 
Do . - of 500 feet span do do 50,000 
Do - - of 600 feet span by section A toD 68,000 
Do - - of 700 feet span =s do de 83,000 
Do - - of 800 feet span by section Ato E 102,000 
Do - - of 900 feet span do do. 118,000 
Do - - of 1000 feet span by section A to F 138,000 
Do - - of 1100 feetspan - do do 455,000 
Do - - of 1200 feet span by section A to G 176,000 
Do - - of 1300 feet span do. do 194,000 
Do - - of 1400 feet span by section A to H 216,000 
Do - - of 4500 feet span do | do . 235,000 
Do - - of 1600 feet. span by. section A to 1. 258,000 
Do - - of 1700 feetspan — do do 278,000 
Do - - of 1800 feet span bysection A to J 302,000 
Do - - of 1900feet span do do 323,000 
Do - - of 2000 feet span by section A to K 348,000 
Do - - of 2400feetspan do. do 370,000 
Do - - of 2200 feet span by section A to L. 396,000 
Do - - of 2300 feet span do do 449,000 
Do -. - of 2400 feet span by section A toM 446,000 
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Bridges built with different materials, and to different 
shape, will of course vary in their expense. 


BILLS of ethane 


_ For Bridges of various Dimensions. 


Note Ast. 


Whatever be the extent of a Bridge on a this fla tlie 
size of the timbers composing the centr ey will be the 
same in all cases, as to thickness and lengt . 


31 


aa follows: 


aia BILLS OF SCANTLING OF 


ade 

. ti matters not what pieailth the 5 aks may average that 
: Bll up the longitudinal extent of each arti, so as each | 
pair be of one thickness “and length ; 3 save, that the 
. greater their breadth, the less will be the number of 
Togs required, and alco, the less will be the labour to 
. each rib. no 
- 3a. ae 

The dimensions éf the four ane centre logs or kay- 
voussoirs, to any bridge of this construction, ‘will be in 
the rough | 6 feet long, and 8 ‘inches thick; allowing for 
tablings, by whatever breadth each] pair of logs may aver- 
age. But to form a stale. for the seantling of the timber 
Pequired for any Bridge, \ we Shall suppose the angular le- 
vers ‘to average one with another in breadth, one foot 
each when finished. Then the diniensions of the ‘timber 
in the rough, for a Hides ‘of 200 ) feet span, will be as 


“sf: 


a Spon ee ANGULAR LEVERS. _ 
“Number, aoe . ‘Length, ‘  Phick.- Breadth, 


_ Spieces - 6 feet 1long, - 8 by 16 ~ 
8 do - Gfect long, - 8 by 16 | 
8 do -- 6 feet -Slong, - 8 by 16 _ 
8 do + 6feet-along, - 8 by 16 
8 do : - 6 feet. 5 long, Ls 8 “by 16 
8 do + 6 feet G long, - 8 by 16 
“8 do +» 6 feet ‘7 Jong, - 8 by 16_ 
8 do <=. 6 feet <8 long, - 8 by 16 
°8. do - 6 feet 9long, - 8 by 46 ~ 
8 do +. 6 feet 40 long, - 8 by 16— 
8 do + 6 feet 41long, - 8! by 16 
8 


do - 7feet Olong, - siby 46 


T.POPE’S BRIDGES. 28 


Number, Length, Thick. Breadth. 
8 pieces - feet along, - 8iby 16 
do - 7feet 2long, - 8} by 16 
‘do «= 7 feet 3 long, “. ‘84 by 16 
do - ‘feet along, - 8} by 16 
do - 7feet 5long, - 8} by 16 
do - 7 feet 6 long, - S8iby 16 | 
do - feet 7Vlong, - | 8! by AG 
do - *Yfeet Slong, - 8} by 16 
do - ‘7feet Qlong, - 8p by 16 
do - ‘7feetio0long, - 8siby 16 — 
do - ‘7feet1tlong, - Sjby 16 | 
do - 8feet Olong, - 8} by 16. 
do - $feet along, - 8 by 16 
do - 8feet 2long, - 8iby 16 — 
do -  8feet slong, ~- 8} by 16. 
do - 8 feet 4 long, - 81 by 16° 
do - 8 feet 5long, - 8! by 16 
do - 8 feet Glong, - 8; by 16 
do - 8feet 7long, - 83 by 16 
do - 8feet Slong, - 83 by 16 
do - 8sfeet 9long, - 83 by 16 
do - 8feet10long, - 8% by 16 
do - S8sfeet1ilong, - 83 by 16 
do - 9 feet 0 long, - -83 by 16 
do - 9feet 1long, - 82 by 16 
do -+- 9feet 2long, - S83 by 16. 
do - 9feet 3long, - 83 by 16 
do - 9feet slong, - .82 by 16 


to 0 00 0H GO op OH HO OW HMHMH MD MDHD DOD BDH HHH OH OHHH & 


do - 9feet 5long, - 9 by 16 

do .- 9feet Glong, - 9 by 14. _ 
do - 9feet 7long, - 9 by 16° 
do - 9 feet 8 long, - 9 by 16 

do -~ 9feet 9long, - 9 by 16 — 
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Number, _ . . Length, Thick. Brezdth. 
Spieces - 9 feet 10 long, - -9. by 16 
8 do - °9feetitlong, - 9 by 16. 
do + - 40 feet 0-long, -- 9 by 416: 
do + 140 feet 4 long, © - 9 by 16 
do - 40feet 2long, -- 9. by 16. 
do -. 10 feet 3long, - 92 by 16 
do - ‘40feet. along, - 91 by 416 
do “= 0 feet. 5 long, -- 91 by 16 
do - 40 feet 6 long, - » 9} by 46 
do + 40 feet 7 long, - - 93 by 16 
do - > 40 feet slong, - 91 by 46. 
“do - :10feet 9long, - - 93 by 16° 
‘do - 10 feet 10 long, - 92 by 16 © 
do .-. 10 feet 44 long, - 91 by 16 | 
do = 41.feet O long, -- - 9t-by 16 - 
do -. 41 feet 4 long, - -.9% by 16 
do = 441 feet 2long, --.- 93 by 16 
‘do -- 44 feet..3 long, - 9} by 16. 
do ..- “4 feet along, - -9} by 416 
do -- 44 feet» 5long,. - -94 by 16 
do ~ 41 feet 6long,. -.-9) by 16 | 
do .- 41 feet 7long, - -91 by 16. 
do - ‘Ad feet Slong, | - - 95 by 16 
do - ‘44 feet 9 long, ~- - 9} by 16 
“do. - 44 feet 40 long, = “9 by 16 
do - “44 feet 41 long, - - 93 by 416. 
do - 42 feet. Olong, - » 93 by 16 
do + 42 feet-4 long, = - - 93-by 16 
“do = 42 feet -2long, - -93 by 46 
‘do - 42 feet slong, - -93 by 16 
do“ <)> 12 feet: 4 long, . + 93 by 16 — 
do - 12 feet 5long, - -92 by 16— 
“do - 42@feet Glong, - - 93 by 46 
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Number, Length, Thick. Breadth. 
Spieces- 412feet 7long, - 93by 16 
8 do - 12feet Slong, - 93 by 16 
$8 do - 42feet 9long, - 10 by 16 
8 do - 412feet10long, - 410 by 16 
8 do - 42feet41ilong, - 10 by 16 
8 do - 413 feet Olong, - 10 by 16 
8 do - 43 feet 4long, - 10 by 416 
8 do - 413 feet 2long, - 10 by 16 
8 do - 43 feet Slong, - 10 by 16 
8 do - 13feet slong, - 410 by 16 
8 do - 413 feet 5long,.- 10 by 16 
8 do - 43 feet 6long, - 410 by 46 
8 do - 413 feet 7long, - 401 by 16 
8 do + 43 feet Slong, - 4103 by 46 
8 do - 13 feet 9 long, - 10; by 16 
8 do - 43 feet 10 long, = 4104 by 16 
8 do - 43 feeti1i long, - 4103 by 16 
8 do - 44 feet 0 long, - 401 by 16 
8 do - . 44feet tlong, - 101 by 16 
8 do - 44feet 2long, - 101 by 16 
8 do - 44 feet Slong, - 40 by 46 
8 do - da feet along, - 40% by 16 


By the above schedule it will be seen, that every y eight 
logs, or single set, of the angular levers, inerease in 
length only one inck to a foot of their breadth when ta- 
bled [together ; also in thickness one quarter of an inch 
in 40 feet. 

The eight cap-plates and archivolt-rails of this Bridge ; 
is each one hundred feet long when searfed together, be- 
side the length to be lodged in each abutment ; the 
small ends of which are 12 inches square, the larger ends 
next the abutment are 44 by 22 inches, or as large as 
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any sound log will furnish. Esch 3 is s made ba of two. 
thicknesses. 

The eight horizontal levers, or eee are also 100 
feet long when scaifed together, beside the length to be 
Jodged in the abutments ; the small ends thereof are 4 _ 
inches thick, by 12 inches deep ; : the part of each next 
the abutment is 6 inches thick, by 18 inches deep. _ 


‘The side strings, and carr iage skids, are also the same 
dength with the above, and will ANOS 12 inches dia- 


“The: span of the deck bea to this Bridge i is from 25 
to 30 feet long ; they will average in seantling 6 inches 
by 12, and are cut to the. abape 0 of two isosceles wedges, 
or a prism. : 


‘The deck or floor. of Bridge will average five dochos 
thick, and may be of oak. or pine. | 


If any diagonal or perpendicular braces be needed to 
this Bridge, the size of : ‘their r scantling will be e regulated 
by their length. 


According to the proportional i inerease of the size of 
the sections of the isosceles wedge on Plate 3, fig. 4, so_ 
will the i increase of the quantity of timber be,. in the 
different bills of seantling for the other Bridges. 


_ Therefore agreeably to the rules whereby the differ ent 
sizes of the timber:in the above Bridge are averaged, the 
“bill of seantling for the timber i in each Bridge, inthe 

above section, will be. regulated according to their va- 
. rious measurements, 
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Onthenature and strength of Timber, and other materials. 


Having promised, in the table of contents of this small 
work, some observations on this all-important point, we 
shall now attend to a brief illustration of the subject, 
whereby those persons, who have heretofore had no- 
thing to inform their judgment as to science, but the de- 
lusive help of untried theory, may be assisted to dis- 
cover, not only wherein the superior excellence and 
practicability of the author’s invention is contained, but 
also the gross ignorance manifested in others who have 
been hardy enough to assume a capability of judging 
works of art, though they have not possessed one single 
prerequisite for the purpose. Hence certain sage per- 
sons, who have taught many to believe that Wisdom was 
to expire with them, have boldly asserted to their cre- 
dulous admirers, that the strength of materials was not 
equal for the support of a Bridge to the extent contemplat- 
ed by the author ; whilst at the same time these vain pre- 

‘tenders were totally ignorant of the strength contained 
in eithera eubic inch or foot of ‘Timber, mvOnene or any 
other material. 

We shall proceed to shew, in a few instances, what is 
the different strength of timber, and the: positions in 
which it is produced: first, we shall cite those authors 
who have written on the subject ; whereby the reader 
may finally discover that all the experiments and theore- 
tical calculations that have here tofere been made, on the 
nature and strength of timber, are w holly inadequate to 
determine the subject; as they are not only contradic- 
tery, but also principally confined to the illustration of 
the strength of the side-grain only, on which the author "5 
invention decs net depend. 


218 GENERAL REMARKS 


The celebrated Charles Hutton, L. L. D. and F. R. S. 
in his Recreations in Mathematics and Natural Philo- 
sophy, page 392, on Architecture, proposes the followi ing 
problem. , 

PROBLEM 4... 
—'Tocuta ‘tree into a Beam capable of the greatest pos- 
sible résistance. - 

«This problem belongs properly to mechanies 5 : ‘but, 
on account of “its use in architecture, we thought it 
might be proper to give it a place:here, and to discuss it” 
both geometrically and philosophically. We Shall first 
examine it under the former point of view. 

se Galileo, * who first undertook to apply geometry to 
the resistance of solids, has determined, on a very inge- 
nious train of reasoning, that, when a body is placed 
horizontally, and fixed by one of its extremities, as is 
the case with a quadrangular beam projecting from a 
wall, if a weight be suspended from the other extremi-_ 
ty, in order to break it, the resistance which it opposes. 
isin the eompound ratio of the horizontal dimension and 
the square of the vertical. dimension. But this would 
be more correctly true, if the matter of the hody were 
of a homogeneous and inflexible texture. 

elt has been shown also, that, if a beam i is supported 
at both extr emities, andif a weight, tending to break it, 
be suspended from the middle, the resistance it ‘opposes 
is in the ratio of the. product of the breadth and s square 

of the. depth; divided by half the length. oe 

6 To solve therefore the proposed pr oblem, wemusteut » 
from the trank of the tree a beam of such dimensions, 
that the product of the square of the one by the other 
shall be the greatest possible. | 
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§ Let A B then, Plate 3,fig. 15, be the diameter of the 
circle, which is the section of the trunk ; the question is, 
to inscribe in this circle a rectangle, as AE BF, of such 
a nature, that the square of one of its sides AF, multi- 
plied by the other side AE, shall give the greatest pro- 
duct. But it can be proved that, for this purpose, we 
must first take, in the diameter AB, the part AD equal 
to a third of it, and raise the perpendicular DE, till it 
meet the circumference in E: if BE and EA be then 
drawn, and also AF and FB parallel to them, we shall 
have the rectangle AE BF, of such a nature, that the 
product of the square of AF by BF, will be greater than 
that given by any other rectangle inscribed in the same 
circle. If a beam of these dimensions, eut from the 
proposed trunk, be placed in such a manner, that its 
greatest breadth AF shall be perpendicular to the hori- 
zon, it will present more resistance than any other that 
could be cut from the same trunk ; and even than a 
square beam cut from it, though the latter would contain 
more matter. | . 


REMARK. 


«‘ Such would be the solution of this problem, if the 
suppositions from which Galileo* dedueed his principles, 
in regard to the resistance of solids, were altogether cor- 
rect. He, indeed, supposes that the matter of the body 
to be broken is perfectly homogeneous, or composed of 
parallel fibres, equally distributed around the axis, and 
presenting an equal resistance to rupture 5 dut this is not. 
entirely the case with a beam cut from the. trunk of a 
tree which has been squared.” 

«¢ By examining the manner in which vegetation takes 
place, it has been found, that the lignecus coats of a tree, 
formed by its annual grow th, are almost concentric sand 
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that they are like so many hollow cylinders, thrust into 
each other, and united by a kind of medullary substance, 
which ‘presents little resistance :{ it is therefore these. 
ligneous. eylinders. chiefly, and almost wholly, which Op- . 
pose resistance to the force that tends to break. them. 
“Bat, what takes place when the trunk of a tree is 
squared, in order that it may be converted into-a.beam? 
Itis evident, and it will be rendered more sensible byi in- 
spectin g tig. 6, on Plate 6, that all the ligneous cylinders, 
_ greater than the circle inscribed i in ‘the square, which is 
the section of the beam, are cut off. en-the sides 3 and 
therefore the whole resistance almost arises from the ey- 
lyndric t trunk inscrihed in the solid part of the beam. 
The portions of the ‘eylindrie eoats, which are towards 
the angles, : add indeed a little strength to that cylinder 5 : 
for they cannot fail, ‘of, opposing | some ‘resistance. to the 
breaking force ; but itis much less than if ‘the ligneous 
‘eylinders were all entire. In the state in whieh they 
are, they oppose only a moderate effort to flection, and 
even to rupture. For this reason, there is no eomparison | 
between the strength of ajoist made of a small tree, and 
that of another which has been sawn, or eut with sev eral 
others from the same beam or block.t ~The latier is 
generally weak, and ‘so liable to break, that joists, and 
other timber of this kind, ought to be, carefully rejected 
{rom all wooden work which has to © support any consider- 
able weight. | 
| 6 We shall. here add, ‘that ihese fiaceous and concen- 
. tric cylinders are not. all of equal strength. ‘The coats 
nearest the centre; being’ the oldest, ¢ are also the hardest ; 
while, acvording to theory, the absolute resistance i is. s sup- 
. posed to be uniform throug shout. . 7 
«It needs, therefore, excite no surprise that. experi- 
ence should not entirely confirm, and even that is should 
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sometimes oppose, the result of theory. Hence we are 
under considerable obligations to Duhamel* and Bui- 
fon*, for having subjected the resistance of timber to 
experiments : as itis of great importance in Architec- 
ture to know the strength of the beams employed, in or- 

der that larger and more timber than is MECORSAEY may 
not be used. 


But, notwithstanding what has been said, it is very 
probable that the beam capable of the greatest resis- 
tance, which can be cut from the trunk of a tree, is not 
the square beam ; for the following experiments, made 
by Duhamel,* seem to prove, the size being the same, 
that the beam which has more depth in proportion than 
breadth, when the depth is placed vertically, presents so 
much more resistance ; and even without deviating very 
much from the law proposed by Galileo,* viz. the com- 
pound ratio of the square of the vertical uimension and 
that of the breadth. 

Duhamel,* indeed, caused to be broken twenty square 
bars of the same volume, to determine what form of dres- 
sing would render them capable of the greatest resis- 
tance. They all had 100 square lines of base, and four 
of each sort were employed, of the different dimensions, 
to compose the same area. 

+The first. four, which were 10 lines 1 in every direction : 
sustained a weight of 134 pounds. 

7 Four others, which were 12 lines in one ae and 
81 in another, sustained each 15% pounds. The above 
law would give 157 pounds. te 

} The next four, which were 44 lines in height and 71in 
breadth, supported cach 164 pounds. Caleulation would 
give 185 pounds. 
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‘Four more, which were 46 lines in height and 62 in 
breadth, sustained each 180 pounds. According to cal- 
culation they ought to have supported 209 pounds. 

The last four, which were 18 lines in height and 52 in 
breadth, sustained each 243 pounds. Calculation would 
have given only 233 pounds. _ It is very singular that in 
this case ealculation should give less than expersenes 5 ; 
while i in the other cases the result was contr ary. 

Buffon* began experiments ona larger scale, in Neal 
to the resistance of timber, an account of which may be 
seen in the Memoirs of the Academy of Sciences for the 
year1744. It is to be regretied that he did not pursue 
this subject, on which no one could have thrown more 
light. It appears to result from these exper iments, that 
the resistance increases less than in the square of the 
vertical dimension, and. decreases ina ratio somewhat 
greater than the inverse of the length. ee | 

« In short, the result of the whole is, that to solve the 
proposed problem, it would be necessary to have physi- 
cal data of which we are not yet i in possession 5 that the - 
beam capable of the greatest resistance, that can be eut 
from the trunk of a tree, is nota square beam ; and. that 
in general many researches are to be made respecting 
the lightening of earpenters’ work, which often contains 
forests of timber ina great part useless.” | 

| On the 428 page of the above work the same author, 
Mr. Charles Hutton, in describing a Bridge proposed to 
be constructed of timber frames or Vvoussoirs, designed , 
by M. Montuela, (See Plate 6, fig. 2 and 7, 166 page of 

this work;) gives the following t relation. : 
Tt appears (said he) from the experiments of Mas- 
chenbroeck, and the theory of the resistance of bodies, 
that a piece of oak 42 inches square, and 5 feet in 


ON TIMBER, &e. 258 


length, can sustain in an upright position, without break- 
ing, 264,000 pounds; “hence it follows that a cross 
band, as AC or EF in the voussoirs on Plate 6, fig. 2, 5 
feet in length and 12 inches by 10, can support 220,000 
pounds, &e. &c.”?** 


** Here we see exhibited one solid proof, among 
many others, that might be adduced, that men of theory 
alone Gn general) are wholly inadequate to produce in- 
vention in mechanism, much less to decide on the inven- 
tion of the practical artist, for want of a competent 
knowledge of the true nature, position, and strength of 
materials in their work, which is alone to be acquired by 
practical demonstration. The importance of which 
they in general are very little sensible of. 

Hence we find that the celebrated Montucla, in his 
above calculations on the strength of the timber in the 
voussoirs of his new-invented Bridge, which is here re- 
peated by the learned Hutton, makes no difference be- 
tween the resistance which the end grain of timber fur- 
nishes, and that which the side grain supplies, thou ch the — 
strength of the one be to that of the other in this in- 
stance as one is to seventy, else he would have discover- 
ed that the vertical stiles of the youssoirs passing the 
end-grain of the horizontal extradosses and intradosses 
must inevitably be crushed with less than one seventy 
times the weight that the latter would resist. See 
AC, DB, and EF, ae, db, and ef, on fig. 2, Plate 6, be- 
ing a diagram of one of the voussoiss belonging to Mon- 
tucla’s are of one hundred feet span, fig. 7, on same 
Plate. 
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From the whole ofthe above relation, we gather the 
following remarks : a 
* First, It appears ‘that: this. adébrated driter: had 
nothing to offer in his prolix dissertation on ‘timber, but 
the account of the experiments which others had made. ; 

+ Second, That. the said experiments, like the gener- 
ality of those recorded. ‘on this subject, only serye im- 
perfectly. to. prove what i is the- strength of the lateral 
or side-grain of timber, which hundreds of practical 
men have her etofore demonstrated to a far greater 
~ amount. 

+ Third, That the learned weiter, whee he duimadverts 
‘on. Galileo’s principles as to the weakness of the me- 
dullary substance i in timber, - appears to have forgotten 
the old proverb, which SAYS). that the hand- cannot. say 
unto. ‘the foot, I have no need of thee ; for it seems ‘that 
he did not consider that the soft fibres i in timber were to 
the hard ones, in the: ‘same tree, aS $0 many blood vessels 
and air-pipes in. the ‘grand system of man, which not 
. only constantly communicate strength, but without 
which the structure must iney itably fall to decay. . 

§ Fourth, It is evident, that the said philosopher 7 
had. not attended strictly to the “spir it of his problem, 
which “went to shew, that a beam of oblong section 
would earry more weight than the largest square | beam 
that could be eut out of the same log, though a greater 
number of its ligneous. hoops or cylindric fibres were 
ent off ; and although the beam would contain less mat- 
ter ; otherwise he would have known by the same laws 
that a joist made of a ‘small tree (that he mentions on 
39% Page, Vol. 3, Reereations) could not carry the same 
weight, as the same quantity of matter would in an ob- 
Jong shape, not only by the laws proposed by Galileo, 
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but by the repeated proofs that practical men haye 
given. 

|| Fifth, We can but lament that the professedly wise 
men of the present day should so much content them- 
selves with the relation of the opinions and experiments 
which ancient authors have supplied, without producing 
a single proof of their own researches and practical de- 
monstrations ; as if these sages had already dricd up 
the fountain of discovery, or that. nothing more was 
needed to be known; especially as the natural resources 
of such men. in general (particularly those who have a 
few unmeaning letters at the end of their names) are so 
much more compatible with the subject, as to time and 
wealth, than the practical artificer, who have fewer means 
or opportunities to explore causes and effects, except it 
be in the execution which he is daily called to engage 
in. But perhaps the reply with these persons will be, 
that the vast labour and expense atiendant on all such 
experiments, on a large seale, which is the only. plan 
likely to be useful, would far exceed the abilities of in- 
dividuals, who might otherwise be disposed to investi- 
gate this useful branch of mechanical knowledge. And 
this objection, say they, has been the only cause why so 
little has been done to determine by eapepucnt this all- 
important subject. 

Admitting the whole of this plea, that the seale whieh: 
is nearest to full size on which any experiments are made, 
to be indubitably the most conclusive, and also that such 
experiments are always attended with considerable ex- 
pense, likewise readily admitting that there are some of 
the sterling sons of art (and Mathematicians among the 
rest) who are not very wealthy 5 ; for ithas been proved a 
mournful truth, that : 


Artists are seldom born with golden lockets ; 
Oft those most rich in skill, most poor in pockets. 
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Yet, if a sufficient number of these can be found; men 
who cannot easily sneak from the arduous, though even- 
tually pleasing task, of searching the deep mysteries of 
Nature and Art; a plan may soon be devised, whereby 
these plausible excuses may be done : away, and the. grand 
object finally accomplished. Here i is one : 

First, Let the learned Mathematicians in every city. 
cheerfully unite, not only their talents of skill, but also 
of gold or silver, or even copper, according to- their 
several abilities, to bring about the grand object. And 
let them be incorporated for the self same purpose. | 

Second, If this be, or not, sufficient strength, let. 
such | company of mathematicians: deign to invite also the 
joint efforts of a suitable number of the most intelligent 
of ‘their elder brethren, namely,” the practical | artists 
and mechanics of the said city. Always granting per- 
_ mission to any that may claim’ kindred to the scientific 
. family, to come forward and prove their relationship. 
Third, Should. the exploring the rich mines of causes 
and effects so happily reward and stimulate these yete- 
rans in. the : ‘cause of science to greater exertions, and 
more help be yet needed, then, let this two-fold band of 
the invincibles of science, petition the government of the 
state or country, for such pecuniary aid as they may — 
stand in need of ; which government would doubtless. 
readily contribute to the supporting and cher ishing of all 
such landible exertions that finally must tend to di gnify 
and enrich a nation with many invaluable advantages ; 
; especially as the said government would have an oppor- 
tunity: of previously witnessing the persevering endea- 
yours of such’ persons, who had first set their own sho ul- 
ders to the wheel, before they cried out to Hercules. — 

“We shall now unfold to the reader the labours of » 

more industrious class than those first mentioned, 
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-Brtivor, in his Science des Ingenieurs, gives us the 
following account of his experiments on the strength of 
the side grain of timber ; by placing wolgnts, on the 
middle of their lengths. . 

4st Experiment. Three oak bars; each oie inch 
square, by 18 inches long, placed horizontally, with their 
ends loose: The medium weight that broke fae was 
4:06 pounds. | 

2d - do - ‘Three oak bars of the same size — 
as the former, with their ends firmly fixed, were broken 
by the medium weight of 608 pounds. 

3d = doe Three oak bars, 2 inches broad, 
by one inch deep, by 48 inches long, with their ends loose; . 
were broken by the medium weight of. 805 pounds. 

4th - do - Three oak bars, one inch broad, 
by 2 inches deep, by 18 inches Jong, with their ends loose, 
were broken by the medium weight of 1586 pounds. 

bth - do - . Three oak bars, one inch square, 
3 feet long, ends ieee: were broken by the medium weight . 
of 187 pounds. . 

6th - do -: Three oak bars, one inch square, 
3 fect long g, ends firmly fixed, \ were broken by the me- 
| dium weight of 283 pounds. 

7th - do - ‘Three oak bars, 2 | inehes square, 
_$ feet long, ends loose; were broken by the medium weight 
of 1585 pounds. 

Sth - do - Three bale bars, one inch and 2 
broad by 21 deep, and 3 feet long, ends looses were broken 
by the medium weight of 1660 pounds. , 

If we compare experiment the first with experiment 
the third, the strength will appear proportional to the 
breadth, the length and depth of each piece being the 
same. | oe “ . 
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If the first with the fourth, the strength appears as 
the square of the depth nearly; the breadth and co | 
being the'same. 

If the first with the fifth, the ee will be seen 
to be nearly as the Iength, inver sely, the frendth and 
depth of each piece being the same. he 

Af the fifth with the seventh, the Hibiigtt will ap: 
pear to be nearly in proportion to the breadth, inultipli- 
ed by the square of the. eopth, the heey a the si same ~ 
in both. 

If the first with the sevénih, the strengtll: is as the 
square of the depth, multiplied by: the proses: anil di- 
vided by. the length. - | 

Experiments 4st and 2d‘ show the ineréase. of the 
strength, by fastening the ends, to be iti the proportion of 
2 to 3. Experiments the sth and: 6th show" ‘the same 
thing. | | fed 7 
By the whole of the above sporitnonts, it appears that 
the rule founded on the Galilean hypothesis, for finding 
the compar ative strength of timber, i is nearly true. ~ 

M: Buffon and M. du Hamel, also men of acknow- 
ledged abilities, were directed by the government of 
France to make exper iments on this i impor tant subject ; 
and were supplied with ample funds and every: suitable © 
apparatus they could need ; they also had the choice rr 
the best subjects in all the forests i in France. ts oy 

The reports of M. ‘Buffon may be found i in the Me- 
moirs of the French Academy, for. the year. ‘4740, "445 
"42, and 4768 ; and those of M. du Hamel, in his work, 
— Surt? Exploitation des Ar bres, et sur la Consereation et 
la Tr ansportation dé Bois. . a 

We shall now give a brief: account of M. Buffon’ 30x. 
perments on timber. 
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First, He shewed that a batten cut out of a tree with 
the hard fibres or eylindrie hoops running through the 
deepest part, and placed perpendicular to the horizon, 
would be stronger than a batten of the same size with 
the hard fibres passing through horizontally or in oppo- 
site direction, as 8 is to 7, = the same reason that an 
assemblage of planks, set edgeways, willbe stronger than 
the same number laid flat and piled on each other. 

His next experiment was_ the trial of the strength of 
ten pieces of sound oak, 4 inches square, the third day 
after the said timber was cut down. ar nl 

The first piece was 7. feet long, 4 by 4, weighed 56 
pounds, bore for the space of 22 minutes 5275 pounds, 
bent 4 inches and 5 parts of a hundred before it broke. 

The second piece was the same size as the first, and 

weighed 60 pounds, bore for 29 minutes 5350 pounds, 
bent 3 inches and 5 parts of a hundred before it broke. 

The third piece was 8 feet long, 4y by 4, weighed 63 
pounds, bore for 13 minutes 4500 pounds, bent 4 inches 
and 7 parts of a hundred before it broke. 

The fourth piece was the same size as the third, and 
weighed 68 pounds, bore for 15 minutes 4600 pounds, 
bent 3 inches and 75 paris of a hundr ed before it broke. 

The fifth piece was 9 feet long, 4 by 4, weighed 74 
pounds, bore for 42 minutes 3950 pounds, bent 5 inches 
and 5 parts of a hundred before itbroke. — 

The sixth piece was the same size as the fifth, and 
weighed 77 pounds, bore for 14 minutes 4400 pounds, 
bent % inches and 85. parts of a hundr ed before it broke. 

The seventh piece was 10 feet long we, 4 by 4, weighed 
82 pounds, bore for 15 minutes 3600 pounds, kent 6 
inches and 5 parts of a hundred before it broke. 
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The. eighth piece was the same size as the seventh, 
weighed 8% pounds, bore. for 45 minutes 3625 pounds, a 
bent 5 inches and 83 parts of a hundred before. it broke. 

The ninth piece was 12 feet long, 4 by 4; weighed 98 
pounds, bore 2925 pounds, bent 8 inches before it broke. 

- The tenth piece was the same size as the ninth, and 
weighed 400 pounds, bore 5050 eaves a ig inches be-.. 
fore it broke. ee yas eee 

Each: of. the’ first three ‘pairs F epusitted: of ie. cuts 
of the same tree ;‘the one found next to the root was 
always found to be the heaviest, stiffest and strongest ; 
from which M. Buffon recommends a certain and sure. 
rule for estimating the goodness of timber byits weight, : 
Other experiments were also made by M. Buffon on 
several pieces of. sound oak timber i ina green. ‘tate, es 
diferent senatlings; whieh) were. as follows : ; 
Ess - Inches. « " Bratice. Theos 
“The “Ast: piece z fe ine. 5 by. 55 bore 11,525 Ibs. 11,525 
2d piece 8 ft. long, § by 5y bore. : 9787 Ibs. 10,085 
3d piece 9 ft. Jong; 5by 5, bore : 8308 Ibs,..8964 . 
= Ath. piece. 10 fi. long, . 5 by 5, bore : 7125 Ibs.. 8068 

| 5th piece 12. ft. long, 5 5 by 5; bore 6075 Ibs. 6728 

ae, 6th piece 14 ft long; : 5 by: 5. bore 5800 Ibs. 5763 

ae wth piece 16 ft. long, 5 by 5, bore 4350 Ibs. | 5042 

Sth piece 18 Ft. long, 5 by 5, bore -8700 Ibs. 4482 

~~ 9th’ piece 20 ‘fe. long, 5 by 5, bore. 3225 ‘Ibs. 4034 on $ 

- ioth piece 22 ft. long, 5 by: 5; bore 2975 Ibs. 3667 
ae 12th” Piece 24 ft. tong; 5 by By bore © 2162, Ibs. $3625 — 

14th piece 28 ft. long; 5 by, 3, bore: ATS Ibs. 2881 

18th piece 7 ft. long, 6 by 6, bore 18950 Ibs, weight 

16th piece 8 ft. Jong, 6 by 6; bore 15525 Ibs. weight 
17th piece’ 9 ft. long; 6 by 6, bore: 13150 Ibs. weight |. 
18th: piece 10 ft. long, 6 by:6, bore 11250 Ibs. weight. 
19th: piece 12 ft, long; 6 by 6, bore 9100 lbs. weight 
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Inches. Practice. Theory. 


The 20th piece 14 ft. long, 6 by 6, bore 7475 Ibs. weight 
Qist piece 16 ft. long, 6 by 6, bore 6362 Ibs, weight 
22d piece 18 ft. long, 6 by 6, bore . 5562 lbs. weight 
(23d piece 20 ft. long, 6 by 6, bore 4950 lbs. weight 
24th piece 7 ft. long, 7 by 7, bore 32200 lbs. weight 

. 25th piece 8 ft. long, 7 by 7, bore 26050 Ibs. weight 
_ 26th piece 9 ft. long, 7 by 7, bore 22350 lbs. weight 
_ 27th piece 10 ft. long, 7 by 7, bore 19475 Ibs. weight | 

28th piece 12 ft. long, 7 by 7, bore 16175 lbs. weight 
29th piece 14 ft. long, 7 by 7, bore 13225 lbs. weight 
30th piece 16 ft. long, 7 by 7, bore 11000 Ibs. weight 
SIst piece 18 ft. long, 7 by 7, bore 9245 Ibs. weight 
82d_ piece 20 ft. long, 7 by 7, bore 8375 Ibs. weight 
33d piece 7 ft. long, 8 by 8, bore 47649 Ibs. weight 
34th piece 8 ft. long, 8 by 8, bore 39750 Ibs. weight 
$5th piece 9 ft. long, 8 by 8, bore 32800 Ibs. weight 
- 86th piece 10 ft. long, 8 by 8, bore 27750 Ibs. weight 
87th piece 12 ft. long, 8 by 8, bore, 23450 lbs. weight 
38th piece 14 ft. long, 8 by 8, bore 19775 Ibs. weight 
39th piece 16 ft. long, 8 by 8, bore 16375 Ibs. weight 
40th piece 18 ft. long, 8 by 8, bore 13200 lbs. weight 
Alst piece 20 ft. long, 8 by 8, bore 11487 Ibs. weight. 


M. Buffon observes that he found, by numerous ex- 
periments, that oak timber lest much of its strength by 
drying, or seasoning 5 ; and therefore, in order to secure 

uniformity, his trees were all felled in the same season 
of the year, were squared the day after, and. TS on 
the third day, in their green state. 


M. Buffon considers the experiments. on the five inch 
bars as the standard of comparison, having both ex- 
tended these toa greater length, and havi ing tried more 
— of each length. 
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. From the above experiments some conclusions re- 
- specting the laws of: the, strength of oak timber may be 
deduced ; from which it will be seen that the me es- 
ae is by? no means s accurate. | 7 


_ EXPERIMENTS : MADE BY -M. pu ¥ HAMEL. 


| He took 46 bars of. willow, two feet long and half an 
inch: square, and supported them by props under the ends: 
“he broke them by weights hung on their middle, four of 
them by. weights of, 40, ait, “7, and 52 pounds 5 the mean 
is a5. 

He then cut. four of them 3 + through, from ouianee 
side, and filled. up the eut with a thin piece of: harder 
wood, stuck in very tight : these were broken by weights 
of 485.5450, and 52, the. mean of which i is. 546. | 
| “He cut othér four half. through from the top ; they 
‘were broken by a7, 49, 50, an ae; the mean. of which 
is 48. v | 
“The remaining four were 5 out? + through fom’ the top 
. edge, and their mean strength was 42. 
| em Another set. of experiments, still more remark- 

able, by the same author. | 
. Six bars of willow, 36 inches long, ‘aid 43 square, 
were broken by 525 pounds, ata medium. . . 

. Six bars were cut 4 through, and the cut filled with a 
odes of hard wood, ‘struck in with litle foree ; those 
broke with’ 554 pounds. Donde NR IE oh ; 

Six bars were cut 4 through, | and the ont: was ‘filled 
up in'the same manner ;. they broke with 542 pounds. 

Six bars were eut 3 3 through, and. loaded. till nearly 
broken : were unloaded, and the wedge. taken out. of the 
euts a thicker W edge was put in tight, so as to make the 
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bar straight again, by filling up the space left by the 
compression of the wood: this bar broke with 577 
pounds. 


ON THE ABSOLUTE STRENGTH OF TIMBER. 


The strain which arises by pulling timber in the di- 
rection of its length is called Tension. 

The absolute strength of a fibre, or small thread of 
timber, is the force by which every part of a fibre is held 
together, which is equal to the force that would be re- 
quired to pull it asunder ; and the force that would be 
required to tear any number of threads asunder, is pro- 
portional to all of them; but the areas of the sections 
of two pieces of timber composed of fibres of the same 
kinds are as the number of fibres in each; and there- 
fore the strength of the timber 3 is as the area of the sec- 
tions. 

- Hence all prismatic bodies are equally strong; that 
is, they will not break in one part more than another. 

Bodies which have unequal sections will break at 
their smallest part, ifit be between the ends ; and there- 
fore, if the absolute strength which would be required 
to tear a square inch of each kind of timber be aseer- 
tained, we may easily determine the strength of any © 
other quantity whatever. 

The following table is taken from Muschenbrook’s' 
experiments. He has described his method of trial mi- 
nutely. ‘The woods were all formed into slips fit for his | 
apparatus, and part of the slip was cut away to a paral- 
lelopiped form, 4 x of an inch ‘square, and therefore the 
25th part of a square inch in section ; the absolute 
strength of a square inch Was as follows : 
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ee rabbge Bo") We ere oodles 
‘Locust trees - 20,400°.. Pomegranate, 9,750 
- Sujeb,  - = 48,500 © “Lemon, -  - © 9,250. 
‘OakandBeech, 17,300 - Tamarind, - 8,750 
} Orange, - + 45,500 © Fir, 2 = = 8,330 : 
Alder, --.- 13,900 ©. Walnut,* - 8,430 
_Eln, - _ - 13,200 oe Pitch. Pine, 7,650 7 
| Mulberry, -. 12,500. > ~ - Quince, | - 6,750 
Willows cas 42,500.” 3 : Cypress, an 6,600 
. Ashs* - = 12,000... Poplar, --- 5,500 5 
- \Plum,.-- -_ 41,800 Cedar, - 4880 
Elder, Dye, 10,000 _ _ Syeamore, = 4,500 


*M. Muschenbroek has given. a very minute detail of 
p the experiments on. the two timbers Ash and Walnut, 
| stating. the weight which will be required to. iedr asun- 
der. slips. taken from the. four sides of the tree, -and on. 
each. side in a regular. progression, from the centre to 
the cireumference. The numbers. of this table corres- 
ey ponding to the two timbers, may therefore be considered 
as the average of more than fifty . trials made on. each ; 
and he says, that all the others were made with the same 
eae 3 therefore. there i is no reason for not confiding 3 in the - 
results ee ee ee teal ie 


PRACTICAL OBSERVATION 8. , 


‘a “The following observations on Woods will be of great 
use to the practical carpenter, i in ‘making a proper choice 
. “of ‘timber, according to the | Purposes he may want to 
| employ it for. ae - 
Ast, . The wood taniolistaly ene the with © or 
heart i is the weakest,. and its inferiority i is so much more, 
remarkable as the tree is older. Muschenbroek’ 8 de- 
tail of experiments is decidedly in the affirmative. 


os pes 
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M. BUFFON, on the other hand, says that his experi- 
ence has taught him that the heart of a sound tree is the 
strongest, but he gives no instances ; it is certain, fron 
other experiments on large oaks and firs, that the 
heart is much weaker than the exterior parts. — 
2d, The wood immediately next to the bark, eommon- 
ly called white or hlea, is also weaker than the rest, and 
the wood gradually increases in strength as we reeede 
from the heart to the blae. | 
3d, The wood is stronger in the middle of the height 
of the trunk than at the springing of the branches, or 
at the root, and the wood of branches is much weaker 
than that of the trunk. ae 
4th, The wood on the north side of all pees: which 
grow in the European climate, is the weakest, and that 
of the south side is the strongest ; and the difference is 
_ most remarkable i in hedge-row trees, and such as grow 
singly. 
5th, The heart of atree is never in its centre, but al- 
ways nearer to the north side, and the annual coats of 
wood are thinner on that side. In conformity to this it 
is a general opinion of. carpenters, that timber is strong- 
er whose annual plates are thicker. The tracher, of 
air vessels, are weaker than the simple ligneous fibres. 
These air vessels are the same in diameter and number 
of rows, in trees of the same species, and they make the 
visible separation between the annual plates. There- 
fore, when these are thicker, they contain a ae pro- 
portion of the simple ligneous fibres. 
6th, All woods are more tenacious while green, and 
lose very considerably by aeying after the tr ge is felled. 
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ae considering strains of this kind, itis absolutely i im- 
possible to conceive how ¢ ‘a piece of timber, that is per- 
fectly straight, can be bent, er ippled, or broken, by any 
force. whatever acting ‘at the’ entretie But suppose 
the smallest force whatever, acting in the middle, or on 
the side, in a direction perpendicular to’ the length ; 
this foree will be sufficient to give it a ‘small degree of 
curvature, and if a strong force be ‘supposed. to ‘act at 
the ends at the same “time, cach pr essing: the timber i in 
the direction of its length, thesc forces Ww ill greatly con- 
tribute towards breaking it. ee ; 

It is therefore admitted, that if a ‘piece of timber be 
bent, orif the fibres of that timber are not quite straight, 
there is ‘a cer tain foree which, if acting at tthe ends, 
will break i itp SS 

But it is also insisted; that a. picce sof sound ice tim- 
ber, of small dimension, placed. upright, and steadied on 
its. sidess, as ina wall, ‘with a piece of sheet iron on each 

end, to prevent the perforation of any uneyen bodies that 
may come upon it to divide the fibre, would hear a great. 
er weight than could possibly be piled or built upon it. 
~The first author who has considered the eompr ession 
of colunins with attention i is the celebrated. Euler, who 
published, in the Berlin Memoirs for 1757, , his, Theory 
on the Strength of Columns. The. general pr oposition | 
established by his’ theory is, ‘that the strength of pris- 
matic ‘columns i is in’ the direct. quadruplicate ratio ef 
their: diameters Ss and the i inverse. ratio of their lengths, 
He pros secuted this subjecti in the Peter sburgh Commen- 
taries for 4778, confirming his former theory. Mus. 
chenbroek has compared the theory with experiments] but 
the comparison has been very unsatisfactory ; the differ- 
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ence froin the theory being so cnormous as to afford no 
argument for its justness, neither do they contradict it ; 
for they.are so very anomalous as te afford no conclusion 
or general rule whatever. 


- EMERSON’S EXPERIMENTS ON TIMBER. 


The proportion of the strength of several sorts of 
wood, that he had proved, will appear in the following 
table. 


. Oak, Box, Yew, and Plan, 44 7 - - + = 62 
Ash, Elm, - - - - BL Cherry tree, - - 63 
Walnut, Thorn, - - - 74 Willow, - - - - 6} 
Red Fir, Holly, Plane, - 7 Alder, Asp, Birch, 6 
Crabtree, Elder, - - 7 WHazle and White Fir. 


A-cylindvic rod of good clear Fir of { and , are an 
“inch square or an inch circumference; drawn in eneth: 
will bear at extremity £00lbs. 

A Spear of Fir, 2inches diameter, will bear 7 ton, 
but not more. 

A good hempen rope, of an inch circumference, bie 
bear 1000lbs. weight at extremity. 

A piece of sound oak, one inch square, and one yard 
song gs aupponce: at Lele ‘ends, will bear in the middle 

3501s. . 

‘Mepis of sound oak, one inch square, and one foot 
fone, supported at both ends, will bear in the middle 
4100I]bs. : 

A piece of elm, 4 feot long; and one ‘inch square, ail 
bear 930 pounds. 

A piece of Fir, 1 foot. long, and one anes square, 1 will 
bear 770 pounds, 

"Phe weight of sound live eak is from 80 to 412 pounds 
per cubic fost. | : | 
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The weight of sound white oak i is on 52 to 66 pounds | 
the eubic foot. 
The weight of piteh pine is from 4 42 to oh » pounds the - 
cubic foot. ‘ 
The weight. of white pie is from a0 to 48 ss pounds the fe 
eubie foot. : ms 


“REMARKS on. STONE AND BRICK... | 

The weight of. this fir st material i is as diverse as that 
of timber, -and the strength | thereof is to be ascer tain- 
ed thereby, to as great an amount as any other material. __ 

The weight of Marble is from 250 pounds the eubie — 
foot, or 9 feet to the ton; to 140 pounds, or 46 feettothe ~ 
ton... But the average weight of the best aenan Mar- 
ble i is 12 cubic feet tothe ton. | E 

(A edluinn of: Marble of this. specifie gravity last n men- 
tioned, Six feet diameter, would sustain more weig ght than e 
can be placed upon it. ce € 

The weight of mountain, Granite, | is froin 224 ands 
the cubic foot, or 10 feet to the ton ; to 140 pounds, | or 
46 feet to the ton. Bat the average wey of the best 
Granite is 13 eubie feet to the ton. 

A column of Granite of this last: ‘speeific gravity; 5 
feet diameter, would sustain more Sica thant ‘can lie 
placed upon it. oe 

The weight of Portland, Pur cies and Hantiatn’ ues | 
is found to be from 160 pounds the cubic foot, or 14 feet. 
to the ton, to: 112, or 20 feet to the ton: ‘Butthe-aver-—__ 
age weight of the best sort of these stones : is s found to 
be 15 feet to the ton. >» i oe 

_ A column of Portland; or Hannam. sbine,’ of the said 
specific gravity, 7 feet “diameter, w vould sustain more 7 
W eight 1 than ean he patel upon it. 
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The best brown Second River Jersey stone (North 
America) for majestic appearance, (especially in large 
public buildings) soundness of texture, and consistency 
of strength, is not to be exceeded by the stone in any 
other country of the world. Tis average weight is from 
100 to 140 pounds the eubic foot. oo 

A column of this stone, 7 feet diameter, eould earry 
more weight than can possibly be built upon it. 

There are many other sorts of stone which are doubt- 
less not inferior to those we have cited, not only to be 
found in other countries, but also in the rich mines of the 
United States, which in years to come, when the profess- 
ed sons of art are better acquainted with their valuable 
quality and use, will be disposed of to greater advan- 
tage than is witnessed in the present day. — 

‘The weight of hard well-burnt brick will be found te 
be from 114 to 130 pounds the eubie foot. | 

A column of brick, of the last mentioned weight, well 
laid in good cement, 9 feet diameter, would sustain more 
weight than ean be. built upon it. 


REMARKS ON IRON, &e. 


GOLD is unalterable by art, and the heaviest of all 
_ known bodies ; will so expand that a grain may be beaten 
into a leaf of fifty square inches ; and a Gold Wire, one 
tenth of an inch m diameter, will suspend or support 
500 pounds weight, without breaking. : 

Next to this valuable metal for strength is IRON. 
‘This is the hardest, the most elastic, andy pe Tin,. 
the lightest of all metals. ee ) : 

An Iron wire, one tenth of an ineh i in diameter; will 
carry or support 450 pounds weight, without breaking. 

An Iron rod, one quarter and one sixteenth of an inch 
square, will carry 3 ton, without breaking. 
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An Iron bar, one inch ‘square, will require a force of 
“4.500 pounds weight to re abs ie the. arm of alevex of 
6inches. 4 Sere oF ie ; 

; An Iron bar, & inbhoes squar oe will require a oe ce of 
288,000 pounds weight to break it, by the above means. 
An inch square bar of the best Swedes iron, 42 itiehes 
long; will weigh 3 pounds, 42. ounces. © 0s. 
~ An inch round bar of the: best Swedes i iron, 12 zinches 
: long, will weigh’ 3. pounds.” aaa Z 
SILVER ‘is nearly “as ductile.as poll ae ‘wire of it, 
one tenth of an inch diameter, will sustain 270 pounds. 
- COPPER, though an imperfect metal, comes hear to 
silver in point of ductility. ~ wire as above will sup- 
port 209 pounds.) = Benet ee 
TIN i is the lig ghtest, least. ellis or sonorous of: any 
| metal. A wire as ‘above will support: 50 pounds 7 
“LEAD is’ still. softer ‘than tin; a wire.as above will 
only support 29- pounds. - But those. four last articles 
have little to-do with the materials that. are most — 
generally used i in building. We shall now: pass on toa 
recapitulation o of the: experiments here r ecited, and offer 
| some renfarks thereon. ee 


_ REC: APITUL ATION. 


“First, We admit that. ‘timber of the same Species 

Ww ‘idely differsin variois counties i in ‘its STOW th, str ength, 
‘texture, and dur ability, from obvious causes: namely, 
soil, situa tion, seasons, and climate. .' Hence the light- 
‘er the soil, the: warmer the ¢lime, and the less’ exposed 
the situation, the quicker will be the growth of. the 

tree, the softer and more weak the euhelante: the light- 

~ ev and less durable the timber. While, onthe contr: ary, 
the tougher the soil, the cooler the clime, and the more 
open and exposed the situation, the slower will be the 


ON TIMBER, &c. Gai 


growth of the tree, the more firm and compressed its 
texture, and the more weighty, strong, oa nee 
the timber. 

Hence the Roman Gracie Vv eee ane his succes- 
sor Patnapio, and other practical men in those days, 
who were well acquainted with these facts, confirmed 
this opinion, by estimating the Qak’s growth, perfec- 
tion, and decay, in those parts, to be an hundred years 
foreach article. Ah! say some (to whom the words 
of Alexander Pope will justly apply)» we know better 
than the ancients ; for . 

~ We think our fathers foslecs so wise we grow 3. 
Our wiser sons, no doubt, will think us so. 

But the author has, in the course of his short expe- 
rience of thirty-three years in the science of Architecture, 
abundantly witnessed the timber in many antique build- 
ings corroborating the above estimates to their fullest 
extent. 

Therefore, if we Wish to eacaseile the great difference 
existing between the experiments of. the celebrated 
characters first mentioned, the author knows of no other 
method than to conelude, that when Duhamel informs | 
us that an inch bar of oak 3 feet long would carry no 
more than 131 pounds without breaking, that it must 
have been of such timber as grew in a very light sandy 
soil, and, being half smothered with the branches of other 
trees, it was impossible that the strength thercof could 

_be equal to those in a more open situation. . 

And as to Belidor’s experiments on picces of oat of 
the same size which bore 56 pounds more each, we must 
naturally suppose that his timber grew in a more favour- 
able situation to the former. : 

But when we come to the einorinonte of an Emerson, 
where he tells us, that a bar of oak 3 fect | long, by one 
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neh square, the ‘sizé of the formers Dore 330 pounds, 
“being 201 pounds more thanthose of Duhamel we~ must 
‘indeed believe that his timber grew ina different clime 
_ and soil, and w as of a far superior t texture to either of 
. the former. voc Sek re Cee eee a 
~ But,ho wever,these strinibd es ne more, 
the reader may notice) in the ascertaining | ‘of the pro- 
duet of the strength of. different pieces of timber by the 
: foregoing experiments may-be accounted for, the great 
” diversity. of opinion that exists between these wise men 
as to the part of -a tree wherein the: strongest timber i is 
to be found, as. also the clime, appears more irrecon- 
cileable than the former, and is not: so easily palliated ; 
for there can exist but one conclusion with the man of 
information| and’ practical. experience, which. is; that 
froma small distance from the face of the ground, every 
foot i in the Jength of. the shaft, upwards, decreases:in its 
firmness, strength, ¢ and weight ; likewise, as one of the au- 
thors referred to admits, the branches are inferior to the 
whole, also, if the treedivides. as a fork, both the prongs, 
or. stems thereof, are inferi ior in strength to what a sin- 
gle shaft would be. - But, as to the real strength of tim- 
ber, much depends onthe age of the.tree when cut down, 
the season of the year, and -themode of: treatment it 
‘receives after it is cut down, in seasoning. 
. But the first or best. plan to preserve the. vital sirength 

of the timber is, first, to girdle the tree_nearly. level 
7 with the ground, cut off its head, lop off its branches, 
strip | off its. bark, . and Jet it stand, two, four, or six 
months before it is cut: down, and the timber. thereof 
awill endure beyond that, of the adjoining tree of equal 
goodness cut down and seasoned anyother. way. But 
this last article i is somewhat adigression. from our map 
abject, though valuable to be known. 
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It has been asserted by some that the wood immediate- 
Jy surrounding the pith or heart of a tree is the weak- 
est, and there is no doubt of its correctness, but that 
the timber on the north side of a tree is weaker than 
that-on the south, never was correct, for the most ob- 
vious reasons; first,the same number of ligneous fibres, 
or cylindric hoops, which surround the heart, is to be 
found on the north side of a tree, as on the south, and 
as the heart of a tree is never to be found in the centre, 
-but always nearer to the north side, the annual coats of 
wood must of course be thinner on that side, and as it is 
a well known axiom, that whether timber or iron, the 
finer the grain, the stronger-and heavier the material ; 
especially in timber, inasmuch as the medullary sub- 
stance or the marrow between the grain is of less strength 
than the hard fibres. Second, as itis also an axicm 
that the quicker the growth of a tree, the sooner will it 
decay, so also that side ofa tree which grows the fastest 
will be more infirm, and of less durability, as it is alone 
by the cold blast of wind and tempest that the grain 
of the knotty oak is compressed and made strong. 


THE COMPRESSION OF TIMBER. 


This i 1s a. subject that has heen very little explored by 
any to the present day, consequently as little understood. 
The author bas abundantly proved to the satisfaction 
of himself and many others who have witnessed his re- 
peated experiments, that the larger the cube of timber, 
the greater in proportion will be the extra str enoth or 
resistance gained by the tenacity of its end-grain; hence 
he has found, that if one cubic inch of timber would 


t : or 
od 
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bear but one ton, four cubic inches united has borne five 
tons. Other sizés ‘between these have also corroborated 
the same inerease of strength in proportion ; and accord- 
ing to the above experiments he has a right to conclude, 
that : a single cubic foot of sound oak vil Ul, by the same 
rule, support on its end-grain 480 tons at theleast, though 
F Muschenbroek i in his experiments gives us only 418 and © 
147 tons toa log 12 inches square ; buthis experiments, 
he informs us, was with logs from 5 to 10 feet long, un~ 
steadied or unsupported ‘on’ the sides, by” which the | 
reader will see the cause of the deficiency. * 


“THE TEN SION oF ‘TIMBER. 


Byt the extensive ‘and minute detail of the experiments 
of Muschenbroek, the reader will discover that timber, as 
to its tension, and also compression, is not that weak and 
watery substance, so easily affected, as the. blind theo- 
rists. of .our time would have : them believe. Hence 
we find, that it will take a force of 20,100 pounds to tear 
asunder a. bar of locust one inch. square, and 47,300 
pounds weight to accomplish oe same operation on an 
inch bar of oak. . 7 


- Therefore, by. these’ two and objects - being ascer- 
‘tained, namely, the extent of the Tension and Compres-_ 
sion of timber, the reader is ‘put into the possession of 
the most simple and true means, whereby he may pro- 
ceed to ascertain for himself the practicability of a tim. 


“a Au the timber’ in ice author's s icidge, which j is called to bear weak 
is not only steadied but’ ‘wholly surrounded and suppor ted on every side, 
- which is an incontrovertible reason why it should carry triple the weight 
that Muschenbroek’s experiments proved. 
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ber Bridge on the author’s plan, to any extent ; without 
the assistance of any of the Sir Isaac Newtons of the 
present day. 


Only a few questions will be needed to decide the fact. 
First, What is the absolute weight. of the arm of a 
half Bridge, 100 feet in length, on this plan of in- 
vention ? 

Answer. 476 thousand 700 pounds, reckoning the 
oak timber to weigh 60 pounds the cubic nue and the 
pine 44. 


Second, What is the amount of pressure produced on 
the fulerum by the above gravity, when multiplied by its 
own proportional distance therefrom ? 

Answer. 1% millions, 885 thousand, 996 pounds. 


Third, What number of end-grain superficial feet of 
timber will be required in each rib, at the fulerum, to 
support the Jast-mentioned weight, according to the laws 

that Muschenbroek’s experiments establish 2. 

Answer. The smallest weight that Muschenbroek? 8 
experiments furnish for a log of 12 inches square to sup- 

_ port on its end-grain is 264,000 pounds. According to 
this calculation, the whole ofthe above weightof the two 
ribs would be supported on the superficies of 563 feet ; 
consequently, each rib, at the part next the fale um, 
must possess 281 feet, which i is not above half what each 
rib will furnish. 


Fourth, What does the inherent strength or force of 
the arm of this Bridge consist of, whereby it is render 
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ed capable of supporting its own gravity and ee 
resisting the strain thereof? 

Answer, A sufficient quantity of the absolute str ength 
of the length-grain of timber, to resist its strain or 
tension, and also. a sufficient superficies.of end-grain, 
to support its weight, and resist compression.’ ce 


‘Fifth, How i is this furnished? | eon 

Answer, The deck or floor “of Bridge, with hike cap- 
plates, and string- pieces, will furnish alone, at the least, 
at the abutment, 1944 square ‘inches of: timber. “We | 
shall, therefore, by the same author as before referred 
to (as his experiments are doubtless. the most conelu- 
sive,) be guided i in our. caleulations.. 


Muschenbroek informs. us that a siglo} bar of dak, one | 
inch square, will take a7 thousand 300 pounds weight to 
tear it asunder by Tension. then of course we conclude 
that it will also require 33 million, 634 thousand, 200 
pounds, to tear : asunder 1944 inches by the same rule ; ; 
-which is more than double the whole amount of the 
multiplied weight of. the projecting arm of the half 
Bridge from the fulerum, or the ao er of this Tey er 
‘of a hundred. feet. - | 


| Also the ‘sapértiotes of the end- -prain timber of the 
archivolt-rails,: and the lower needles; are more than 
tr iple the quantity required to resist the compression of 
the ‘under or lower part of the said. arm, by the Jaws 8 of | 
the ‘strength of timber thus ascertained. 


There are also many other means of strength existing 
in the construction of the author’s Bridge, the whole of 


w hich are multiplied | at pleasure, to the requirements: 
of anarm of any magnitude, 
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Finally, As to the unerring principles on whieh this 
invention is founded, -whilst.on the one hand they have 
attracted the respectful attention and admiration of men 
of liberal science and sound judgment ; on the other 
hand they have by their simplicity and importance con- 
founded the skill and excited the rage of many a book- 
theorist of high rank amongst us, who could not sup- 
pose that this invention was true, otherwise they - 
alone, by their wisdom, must have found it out ; from which. 
the author is led to conelude, that 


Some are bewildered in the maze of schools, 
And some made Doctors N ature meant but fools; 
Tn search of wit these lose their common sense, 
, And then turn critics in their own defence. 7 


Alexander Popé. Sais 
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878 TESTIMONY 
Of the Shipwrights of New-York, on the Examination of 
os the Grand Model of 7 Pope’s Patent Bridge. 


TO THE PUBLIC. 


We whose names are, hatemnto affixed, Maving frinture:” 
ly examined the Grand Model of Mr. Thomas Pope’s - 
Patent Bridge with a single are,on the principles of the; 
ever, pursuant to a meeting ealled for that: purpose, 
deem it a. duty we owe, not only to the skill of the inven- 
tor, but the Public at large, to bear the following impar- 

, tial testimony of its true merits. 


First, We are ¢ convinced that a formation of Timber 
according to the inyentor’s plan; : furnishes more strength 
for its intended purpose. ‘than any other we heretofore 
have known. ~ 


Second, We oe no hesitation i in asserting, as. our 
joint opinion; that the strength thus furnished is more 
than equal to all that can be needed. 


Third, Weare satisfied that by thisis invention a Bridge 
may be built to any: rational extent... 


- Fourth, It is our opinion that ehh ee are in 
every sense of the word preferable toall others of tim- 


* 'The‘above Model was built to illustrate a Bridge suitable to span 
the East River at New-York, with a single arc, the chord of which 
would be 1800 feet, the Altitude or versed sine 223 feet, the abutments 
were built in theform of so many, warehouses, and the whole was erect- 
ed by a scale of 3-8 of aninch to one foot ; the length of Model of half 
Bridge, in real measure, is nearly fifty feet. The weight that the unsup- 
ported arm of this diminutive Model bore at one time, ‘since finished, 
has been ten tons ; and which, has astonished me mind of every be~ 

holder. 
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ber heretofore invented, on account of their superior 
strength, durability, and chaste preservation of naviga- 


tion. 
SIGNED, 

Forman €HEESMAN, JONATHAN GorHAM, 
CurisTIAN Berou, Francis GANTz, 
Henry Ecxrorp, Jacop WEAVER, 
ApAaM Brown, _Jonn AIKMAN, © 
Noaw Brown, Witttam Mixen, 
Gro. JAMEs, JOSEPH WEBB, 
JosEPH WHITE, | Amos CHENEY, 
Wittiam Bart, Extsua Brossom, 


SamvueL THORNE. 


The above Testimony was published three times in 
each of the following public papers of New-York, viz. 
the Evening Post, the Citizen, and the Mercantile Ad- 
vertiser. 


CHAIN BAR ARC. | | 

The author’s patent. chain bar are is of important, 
though simple construction.. The various modes of 
placing the iron links in the internal part, whereby the 
perpendicular weight is sustained without producing the | 
least lateral pressure, will be found to be of curious in- 
vention. Fig. 14, Plate 3, deseribes an are of this' kind 14 
feet wide, and one of the modes adopted in placing the 
chain and the bars by which the are is held together. 
The internal bands which are let into each stone, that 
not only carries the weight but also prevents the stone 
from bursting by pressure, are of varions forms. This 
are willbe of great importance, where spacious porti- 
edes, and openings, are required to heavy buildings. - 


RASS 


SSS 


Take half a Rainh ow rising: on yon. aise 
While its twin partner spans the semi oer 
And makes a perfect whole that need not part 

‘Till time has furnish us a nobler art. 


CONCLUSION. 


Ler the broad are the spacious HUDSON stride, 
And span COLUMBIA’S rivers far more wide ; 
Convince the world AMERICA begins | 
To foster Arts, the ancient work of kings. | 
Stupendous plan! which none before e’er found, 
‘That half an are should stand upon the ground, | 
Without support while building, or a rest ; 

This caus’d the theorist’s rage and sceptic’s jest. 
Like halfa rainbow rising on one shore, 

While its twin partner spans the semi o’er, 

And makes a perfect whole, that need not part, 
Till time has furnish’d us a nobler art. 

The muse with humble flight will now unfold 
The myst’ries of a work that ne’er was told ; 
Delineate the plan by simple rules, | 
That those who can’t believe may prove they’rc fools. 
One single arc, whate’er the span may be, 
of river, lake, or swamp, or arm of sea, 

Is all it needs, so wond’rous is it plann’d, 

To forma spacious Bridge from land to land. 
The towering poles of navies in full sail 

May pass this arc in e’er so brisk a gale, 

And ships at anchor ride beneath the arnt, 

Or moor to shelter’d wharf, secure from harm. | 
Thus navigation chastely is preserved, 

And sons of ecommerce lose not their reward. 


36 
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The butment’s built of stone, where stone is found, 
For nought ean last so long or keep so sound ; 
But if the place should timber only grant, — 
Then stone andiron the builder willnot-want. . | | 
The length of butment’s not, as men have told, 
So long to cut a city in two-fold; ; 
_ For rivers North and East ‘may havea Bridge, 
And streets eall’d South and West may bound their ridge. 
if half the are a thousand feet demand, | 
One hundred is enough upon the land, . | 
To form the butment and the steelyard’s prop, ~ 
Which balances the power, lest it. should drop. 
This butment must more gravity posse ss 
Than flying arm ‘by weight can. furnish, str CSS 5 
Consolidation of amass of stone, 
Or towers erect, like those which China own ; 
But best when butments form. a group of stores, 
To house the treasure brought from distant shores : 
The rent they furnish pays ihe building’ s cost,’ | 
Which in all other Bridges must he lost. 
-The stones that first compose the fulerum’s base | 
Are large and massy, but. of even face, 
‘Well bonded by their square and equal form, 
So closely plae’d. to leave no room. for worms 
Or spurious matter of a worthless kind, a 
That oft is fill’d, i in walls, in hopes to bind | 
The unconnected parts, which ne’ er did. rest 3 3 
These make hut cohweb-structures at the best. 
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The mortar all is ground within.a mill ; 
The only labour is the hods to fill ; 
One horse and boy for twenty men provide 
With cement better made, more cheap beside. 
The arms of Bridge are built of stone or wood, 
But iron, cast, would furnish twice the good 5. 
Its extra beauty and its lesser weight | 
Confound the pride and i ignorance of the great. 
Combining levers stretch from shore to shore, 
And span the foaming flood ne’er span’d before $ 
By logs of timber plae’d at angles right 
The bold formation i is made strong ¢ and tight ; ; 
Each semi are is built from off the top, 
Without the help of scaffold, pier, or prop $ 
By skids and eranes each partis lower’d down, 
And on the timber’s end-grain rests so sound, 
That all the force of weight can ne ’er divide 
Each tabled timber from its partner's side : ; 
And, lest the end-grain should not stand the testy 
A sheet of iron ’s plae’d betw een ‘each rest, 
That no compression or indention can 
Make an impression to defeat the plan. | 

The usual mode of building house ‘or ships, 
Of framing Bridges, tables, purlins, hips, 
*Tis end to side-grain by the ancients plann’d, 


On which their ponderous loads were made to stand ; - 


And all the Bridges that were ever built 
Repos’d their w eight on eeintre, pier, or stilt, | 
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Not so the Bridge the author has to boast ; 
‘His plan is sure to save such needless cost ; 
A ladder on éach sideis lower’d down, — 

- And shifted from the fulerum to the crowns 
Two men on each descend to drive the bélts, 
Wedge fast the trunnels or set taught the nuts, ee 
Or line with boards the parabolic form, - 

Expos” dtow eather and the furious ‘storm. 

The lateral shape of Bridge resists the wind, 

By concave circle throws its force behind ; 

The butment on each shore receives the charges 
Repels with w eight the pressure by, and lar gee | 
If shores supply with rock to build upon, 
The builder ther hath an advantage won, 

By which he saves ‘the cest that oft ensues | 

In sinking coffers, caissons, or mud pews. 

But should some softer strata heave i in sight, 
The consequences will be truly light, 

As nothing is more easy to provide | | 

"Than concave cirele on the under side, 

- By which the pressure will combine to force 
The neighbeuring i infirm strata much more > close > 
Its watery particles must soon escapes a 
And force the solid grains into a heap, 

By which the massy ‘butment rests secure, 
And through its firm foundation must endure. 
Notso the tottering piles of ancient day ; 
When prest by weight they quickly slide away, 
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Wreck, from the centre to the structure’s base, 
And all its bond and beauty soon deface. 

When Time, with hungry teeth, has wrought decay; 
Then what will sceptics be dispos’d to say ? | 
Why, “ down the Bridge must fall, without repair, 
sé And all the author’s pleadings will be air.” 
Notso, he’s better arm’d than you expect, 

For nought can bring to ruin but neglect ; 

A mean’s provided, which ean never fail, 

To keep up strength whate’er the Bridge may ail : 
Each log of wood, where’er its station be, | 
Is safely shified for a sounder tree, 

With greater ease remov’d than heretofore 

A piece could be repair’d in an old floor. 

For lasting age this Bridge will far exceed 
Allothers ever built ; they rot with speed. 

‘ But how to reconcile these novel truths 

‘ With what the Doctors teach their college youths 
‘Is hard for us (say some) to understand, 

‘ How timber Bridges can fly off the land, 

‘ Without a prop or scaffold from the strand, 

¢ And meet to join in centre hand in hand, 

‘Is truly strange and marvellous to me, 

é And, till I see it, never can it be !” 

Yes, teachers many have their pupils taught 
‘That nothing strange or new can e’er be brought, 
But what in ancient times were known or wrought, 
So narrow and so mean their seanty thought. 
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But, base that works of art should judged be 
By fools in skill, who have no eyes to see ; 
Who ne’er by arduous thought, or stretch of mind, 
Trae’d causes old, some new effects to find. ; 
Whose stupid life to man was ne’er of good, 
Except it were to eat another’ "s food 5 
And numerous is this tribe, that gain a name, 
But not by wor ks of skill, deserving Fame. 

Yet, science has her sons in every age, 
Her babes of skill, her striplings, and the sage, 
And daughters too, on which her hand bestows 
Sublime discernments, that no stranger knows 5 
Though bastards oft intrude and steal the bread 
With which ‘the sons of merit should he fed, 
Array themselves in ep’lettes, swords and gowns, 
And strut about like showmen’s drest-up hounds 3 
And if youask them a new work to view, | 
* Oh, sir ! say they, it never can be true ; 
6 Besides, I have no time to spare, to look 
« At schemes like these; they ’re not within my book. 
But science owns not such a gaudy train, | 
Who can on sons of genius pour disdain, 
Nor quack philosophers, who durst decide — 
On works of merit they! have never tr ied, e 
Nor half-taught theorists, of whatever name; 
Who seek by others’ skill to gather fame ; _ 
Nor wanton seeptics, who can dare condemn 
More worthy works than ever fell to them. _ 
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Methinks the sons of art would be too blest 

_ Were there not men like these to prove their pest. 
What ! though this Bridge surpass all else before, 

Should it be disbelieved e’er the more, ; 

What finite man, to whom all skill was given, 

That none beside should read the starry heav’n, 

Or find a plan by which to pass the deep, 

While blockheads and their follies rest in sleep ; 

Desery a continent, find outa land, 

Mark outa shoal, make known where lies quicksand, — 

Or trace the magnet which to poles directs, 

And, with the quadrant, all mistake corrects 5 

Or cast great guns, whose thunders loudly roar, 

Or make silk cars, philosophers to soar, 

Or Drake’s dread fireships, that no quarters give, 

But blast in sunder all, that none survive 

To tell the dismal tale of dire despair, | 

That ship, and guns, and men, are blown in air : 

Or excavate the earth, to float a bark, 

To carry goods through rocks and mountains dark, 

Propel. a boat by steam, *gainst wind and tides, 

‘That in acalm by others swiftly. slides ; 3 

That travels night and day, like a stage coach, 

Which at the usual time make its appreach : 

Or make sweet sounds to soothe some savage breast; 

Or link such words as poets deem the best, | | 

Or carve some marble that shall stamp renown, 

Or paint some golden scene that fame shall crown, 
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Or build this flying Bridge, the author’s boast, 
Or thousand other schemes now gone and past, 
Or thousand things to come, that none e’er knew; 
As time rolls on, invention shall prove true : 
If these were all design’d for one man’s works 
The other sous of art in caves might lurk, 
And mourn their useless state, as lost to fame, 
Compell’d to live and die without a name. 
ArcummensEs foretold the lever’s power, 
How he could with a pole upset a tower, 
Or raise the globe, if fulerum were but strong, 
Sufficient for to rest his lever on. | 
The author’s Bridge shall surely rise to fame, 
In spite of envy’s efforts, power, or claim, — 
And men of liberal science own its worth, — 
Respect his name and cultivate its growth. 

T. POPE. 


